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CHEMISTEY.

THE METALS.

I THE metals gold, silver, copper, iron, tin, and lead were

known to the ancients. We find them mentioned in the writings
of the Old Testament, as well as in those of the early Greek

authors. The name of mercury is first found in the writings of

Theophrastus ;
but the existence of most of the remaining metals

only became known in comparatively recent times. Antimony
appears to have been obtained in very early times although. Basil

Valentine describes its preparation as a novelty. Zinc and

bismuth were both described by the same alchemist, although
their properties did not become generally known until the

sixteenth century.
An historical notice concerning each metal will be found

under its own heading. We have here simply to consider the

progress of our knowledge concerning the properties of the

metals as a class.

Geber is the first author in whose writings we find a distinct

definition of the word metal :

" Metallum est corpus miscibile,

fusibile, et sub malleo ex omni dimensione extendibile." Accord-

ing to this definition mercury is not included amongst the

metals. Geber likewise distinguished- gold and silver as the

noble metals, because they do not undergo any change in the

furnace, whereas the others were termed base metals. This

definition was accepted throughout the whole of the middle

ages, so that when the brittle metals antimony, bismuth, and

zinc came to be well known, they were classed as bastard or

semi-metals. Thus for instance, Paracelsus says :

"
Zinc, which

is a metal and yet no metal, and bismuth and the like being

partly malleable are bastards of the metals ;
that is
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substances which somewhat resemble them." Opinion was divided

respecting the position of mercury, until its solidification by

extreme cold and its malleability in this condition had been

observed. From this time forward it was universally admitted

to be a metal.

As chemistry progressed it became evident that the division

between metals proper and semi-metals could not be main-

tained, and the followers of Lavoisier altogether ignored this

distinction, and acknowledged the existence of seventeen metals,

including arsenic. Shortly afterwards Davy's discovery of the

alkali metals again enlarged our views concerning the nature of

metals. These substances, inasmuch as they are lighter than

water, were at first not considered to be metals proper, and

Erman and Simon,
1 in 1808, suggested that sodium and potassium

were not true metals, but rather metal-like bodies, and proposed

for them the term " metalloid
"
(fieraXXov a metal, etSo? similar).

This name was, however, not long employed in this sense, but

was made use of by Berzelius, in the year 1811, to distinguish

the class of non-metallic elements from the metals, and although

badly chosen, the word is still frequently used to designate the

former of two groups of elements.

2 As we are now acquainted with at least sixty-nine elements,

and as the number increases from year to year, this distinction

between metals and non-metals is preserved simply for the sake

of convenience, and not as one founded upon any real or essential

difference of properties of these two classes of elements.

At one time, when only few metals were known, they could

be readily distinguished from the non-metals, especially by their

high specific gravity and their peculiar metallic lustre. As

soon, however, as the. alkali metals were discovered, the im-

portant property of high specific gravity ceased to be charac-

teristic of the metals, and when tellurium became known, which

although by its chemical properties it is closely allied to sulphur

possesses a bright silver-like lustre, the second distinction

ceased to be universally applicable. In the same way, other

properties which were at one time believed to be characteristic of

metals have, with the progress of knowledge, been found no

longer to be essential. Thus, opacity was long deemed a neces-

sary property of a metal, but now we know that in very thin

layers metals are transparent. Gold-leaf transmits green light,

and silver-leaf allows chiefly the blue rays to pass.
1 Gilbert's Annakn, xxviii. 347.
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The elements of the nitrogen group exhibit in a striking

manner this gradual transition from a distinctly non-metallic

to a distinctly metallic element. Thus whilst nitrogen itself is

undoubtedly a non-metallic body, phosphorus in certain of its

allotropic modifications closely approaches the metals. Indeed

one of these modifications, by reason of its physical peculiarities,

is termed metallic phosphorus. Arsenic, the third member of

the nitrogen family of elements, was formerly classed as a semi-

metal. At a later period it was considered to be a metal proper,

and even now some chemists rank it amongst the metals, whilst

others, looking to its striking similarity with phosphorus, place

it amongst the non-metals. Antimony and bismuth are elements

which belong to this same group, and these substances are

usually considered to be metals from their close analogy to

other distinctly metallic substances. In this case it will be

noticed that the members of this group of elements approach
more and more closely to a true metal as their atomic weights
increase. The same peculiarity is observed in other groups.

The metals titanium and zirconium are, on the one hand,

closely connected with non-metallic silicon, whilst, on the other,

they exhibit the most marked analogies with tin, and are

usually classed, accordingly, amongst the metals. We must,

however, be careful not to draw the conclusion that as a rule

the elements which possess the highest atomic weights are

metals, and those which possess the lowest are non-metals.

Lithium, which next to hydrogen possesses the smallest atomic

weight, is a well characterized metal, and hydrogen itself ex-

hibits in its chemical relations far more analogy with the metals

than with the non-metals.

Although the division into metals and non-metals is thus

seen to be one which does not admit of exact definition, it is

not the less true that the metals as a class do possess certain

generic properties which the non-metals either do not possess at

all or exhibit only in a very slight degree. Amongst these

properties that of metallic lustre may especially be mentioned.

This property is characteristic of all metals, and if it is not

noticeable when the metals are in the state of fine division,

in which case they frequently appear in the form of black

powders, it can readily be observed when the powder is rubbed

with a hard body.
Another generic difference which may be noticed is that

whilst many, or even all of the oxides of the non-metals belong,
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as a rule, to the class of acid-forming oxides, it is only the

highest oxides of certain of the metals which are capable of

acting in this way ;
the greater part of the metallic oxides being

basic oxides.

ALLOYS.

3 Another proof of the close resemblance existing amongst the

metals is to be found in the peculiar compounds or mixtures

which different metals form with one another, and to which the

name of alloy is given. Amongst chemical compounds in

general, those are found to be most stable and to show the

greatest amount of chemical individuality whose constituents

are the most diverse. In the case of the alloys, however, the

essential properties of the metals are uniformly reproduced.

Thus, they all possess metallic lustre
; they conduct heat and

electricity well; even when they assume distinct crystalline

form and contain their constituents in the proportion of their

combining weights. Hence these alloys are distinguished from

the compounds which the metals form with such elements as

oxygen, sulphur, and chlorine, in which the general properties
of the metal have undergone a complete change. In the same

way, we find that the metals whose chemical properties are the

tnost dissimilar form alloys which bear the closest resemblance

to distinct chemical compounds. This class of alloys is difficult

to prepare, inasmuch as the bodies possess the power of dis-

solving an excess of one or other constituent when in the

fused state.

Many metals can be fused together in all proportions ; others,

again, cannot be made thus to unite. To the first of these

groups silver and lead belong, and to the second, zinc and lead.

Lead can only retain 1/6 per cent, of zinc, and zinc can only
absorb 1/2 of lead. 1

According to Matthiessen,
2 the metals maybe divided into

two classes so far as their power of forming alloys is concerned.

The first of these classes includes the metals lead, tin, zinc,
and cadmium. These metals impart to their alloys their own
physical properties in the proportions in which they themselves
are contained in the alloy. The second class contains almost all

the other metals. They do not impart to their alloys their own
1 Matthiessen and von Bose, Proc. Eoy. Soc. xi. 430.
5 Journ. Chem. Soc. xx. 201.
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physical properties in the proportion in which they themselves

are presenu in the alloy. The alloys themselves may be divided

into three groups :

(1) Those formed by the metals of the 1st class only.

(2) Those formed by the metals of the 2nd class only.

(3) Those which contain metals of both classes.

When two metals are melted together to form an alloy, an

evolution of heat sometimes occurs. Certain of the physical

properties of the metal are always preserved in the alloy. Thus,
the specific heat and the co-efficient of expansion of the alloy

are always the means of those of its component metals. In

other properties a variation takes place. Thus whilst the

specific gravity of the alloys of the first class is the mean of

that of their constituent metals, that of the alloys of the second

class is always either greater or less than the mean specific

gravity of the constituents. All alloys, with the exception of

that formed by the union of one part of potassium to three

of sodium, are solid at the ordinary temperature.

4 The melting point of an alloy is usually lower than that of

the metals which compose it. This is well seen in the case of

ordinary plumbers' solder, consisting of tin and lead, which

melts more easily than either of the metals composing it. This

fact was known so long ago as the time of Pliny, for he states

that tin cannot be soldered without lead, nor lead without tin,

and that lead tubes are soldered with a mixture of one part of

tin and two parts of lead, a mixture which is used at the present

day. Homberg, in 1669, recommended an alloy of equal parts

of tin, lead, and bismuth for sealing up anatomical preparations ;

and in 17721 Valentine Eose the elder discovered the well-known

fusible metal which bears his name. This consists of one part

of tin, one part of lead, and two parts of bismuth. It melts at

95 to 98, the lowest melting point of its constituents being

that of tin, viz., 235. Another alloy, consisting of eight parts

of lead, fifteen of bismuth, four of tin, and three of cadmium,

softens at a temperature of 60 and is perfectly liquid at 65,

the melting points of its constituents being tin 235, bismuth

270, cadmium 320, and lead 334 .

2 This lowering of the

melting point is not confined merely to alloys, but occurs in the

case of fused mixtures of many salts. Thus, mixtures of the

carbonates or chlorides of potassium and sodium fuse at a much

1 Stralsund Magazin, 1772, 2.

8
Lipowitz, Lingl, Poly. Journ. clviii. 370.



THE METALS.

lower temperature than any of the salts separately. It would

thus appear that we cannot argue from this property as to the

chemical combination of the metals in the alloy, for we can

scarcely assume that a combination of the above-named salts

occurs when they are fused together.

The conducting power for electricity of the alloys of the first

class is exactly proportional to the relative volumes of the com-

ponent metals. This is not the case with the alloys of the

second class. Wiedemann and Franz have shown that the con-

ducting power for heat of metals and alloys is identical with

their conducting power for electricity.

In their other physical properties the two classes of metals

differ very widely when alloyed. Thus a metal of the second

class when alloyed with a small quantity of one of the first

class has its coefficient of elasticity much increased. A bar of

tin, copper, or zinc emits a dull sound when struck, but if

copper "be alloyed with a small quantity of tin we obtain bell-

metal, valuable for its sonorous properties. The same fact is

observed when the elasticity of coils of metal wires is compared
with that of coils made of alloys. Thus coils of copper, silver,

gold, and platinum wire are lengthened to a straight wire by
weights by which a coil of gun-metal or brass will scarcely be

altered in shape.

Many of the alloys are largely employed in the arts and

manufactures, as they possess properties which are wanting in

the single metals. Thus pure gold and silver are too soft to be

minted, but the addition of a small proportion of copper gives
them the necessary hardness. Pure copper is so soft and tena-

cious that it is not suitable for use in the lathe. The addition
of half its weight of zinc produces an alloy which is hard, and

yet possesses the necessary brittleness to enable it to be readily
turned. Gun-metal is a very tenacious and hard alloy, con-

taining nine parts of copper to one part of tin. A still harder

alloy is bell -metal, consisting of two parts of tin to eight parts
of copper. The more tin such an alloy contains the lighter is

its colour. Speculum metal possesses a white colour, is capable
of receiving a very high polish, and is, therefore, used for the

specula of telescopes. It contains one part of tin to two parts
of copper. Type-metal is made up of one part of antimony to
four parts of lead. This alloy is hard, easily fusible, not brittle,
and expands at the moment of solidification properties which
are possessed by no other single metal or alloy. Many alloys



AMALGAMS.

can be obtained in well-defined crystalline forms, but even this

usual test of the existence of a definite chemical compound
cannot be relied upon in the case of alloys, as it has been shown

by Cooke1 that alloys of zinc and antimony, varying in compo-
sition from 43 to 64 per cent of zinc, all crystallise in the same

form, although in a different form from other alloys of these

two metals. In the same way Matthiessen and von Bose 2 have

observed, in the case of the gold-tin alloys, that well-defined

crystals are not limited to definite proportions of the two metals,

but are common to all alloys of these metals containing from

27 to 43 per cent, of gold. Storer3 has likewise proved that all

the copper-zinc alloys crystallize in the same form.

A remarkable fact with regard to the solubility of the alloys
in acids must here be mentioned. If an alloy of platinum
and silver be boiled with nitric acid it is completely dissolved ;

whereas platinum when unalloyed is quite insoluble in this acid.

On the other hand, silver by itself readily dissolves in nitric

acid, but it does not do so when it is alloyed with much gold,

the whole of the silver being soluble only when its quantity is

at least double that of the gold. It was formerly believed that

in order to separate the whole of the silver only one quarter of

the alloy must consist of gold, whence the term quartation,

which is still used for the separation of these metals.

AMALGAMS.

5 Amalgams are compounds or mixtures of metals with mer-

cury. The name is first found in the writings of Thomas

Aquinas; and Libavius explains the meaning of the word as

follows :

"
Amalgama corruptum vocabulum esse ex Graeco

/jLaXayfta non dubitant." It is perhaps more probable that

the word is derived from the Arabic, as the form algamala also

occurs in the writings of alchemists.

The ancients were acquainted with the fact that mercury can

combine with the metals, and they employed the property for

the extraction of gold from its ores; Vitruvius even gives a

method for extracting the gold by means of mercury from

vestments which have been embroidered with gold thread.

Geber speaks more distinctly respecting the compounds of the

metals with mercury, for we find in his work, Summa perfec-

1 Mem. Amcr. Acad. N.S. v. 337. ! Proc. Roy. Soc. xi. 433.
3 Boston Amcr. Acad. viii. 27.

51
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tionis magisterii, the following words,
" Mercurius adhreret

tribus mineralibus de facili, Saturno (lead) scilicet, Jovi (tin)

et Soli (gold). Lunse (silver), autem magis difficulter. Veneri

(copper) difficilins quam Luna3. Marti (iron), autem millo

modo, nisi per artificium. Est enim amicabilis et metallis

placabilis. Solvuntur Jupiter et Saturnus, Luna et Venus

ab eo." Thus it is clear that Geber knew that, with the ex-

ception of iron, mercury combines directly with all the metals.

The problem of the preparation of iron amalgam was one to

which the alchemists paid great attention as, according to Geber,

it was no easy matter. Libavius gives the first hints toward the

solution of this problem, as he says that the common metals

require to be purified by corrosive action before they can be

made to unite with mercury.

Amalgams are usually obtained by the direct union of the

metal with mercury. In this case diminution of temperature is

not unfrequently noticed
; thus, when tin is dissolved in mer-

cury. Sometimes, on the other hand, heat is evolved, as when
the alkali-metals are amalgamated. Amalgams are also produced

by the addition of mercury to a solution of a metallic salt
;

thus if this metal be added to a solution of silver nitrate, the

amalgam separates out in splendid crystals the Arbor Diance

of the ancients. Another mode of obtaining an amalgam is to

place the metal in a solution of mercuric nitrate, or together
with mercury and a dilute acid; and lastly, amalgams are formed

by the action of a weak galvanic current upon a solution of salt

into which a globule of mercury has been poured, the zinc pole

dipping into the globule of mercury.
The amalgams containing a large quantity of mercury are

often liquid, whilst those which contain less are frequently found
to ctystallize. When heated above the boiling point of mercury
a certain number of the amalgams retain a certain proportion
of mercury. Thus silver amalgam whe-n heated to 450 leaves

a compound which still contains 12 per cent, of mercury ;
and

a gold amalgam treated in the same way leaves a residue con-

taining 10 per cent, of mercury.
1 Similar" results are obtained

with copper, sodium, and potassium, the composition of the

residues corresponding to the following formulae :

Ag13Hg, Au
9Hg, Cu

16Hg, K2Hg,

The two last are crystalline, and the sodium compound takes
1 De Souza, Bcr. Deutsch. Chcm. Gcs. viii 1616 ; ibid ix. 1050.
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fire on exposure to the air. The metals lead, tin, cadmium, and

bismuth do not retain mercury at a temperature of 450.

Regarded as compounds the amalgams are very unstable, for

Joule1 has shown that 'they can be decomposed by subjecting

them to a very high pressure.*

Many amalgams are used in the arts. Tin amalgam is em-

ployed in the silvering of mirrors, gold and silver amalgams in

the processes of gilding and silvering in the dry way ;
zinc and

tin amalgam for coating the rubbers of electrical machines,

copper and palladium amalgam, and an amalgam of varying

proportions of gold, tin, and platinum, for stopping teeth.

SPECIFIC GRAVITY OF THE METALS.

6 The specific gravities of the various metals differ consider-

ably. The following table contains the best determinations of

specific gravity of some of the most important of the metals :

1 Mem. Manch. Lit. and Phil. Soc. vol. ii. third scries.
2 See also Dudley, Proc. Amer. Aasoc. for 1890, 145.



12 THE METALS.

The specific gravity of the metals not only varies with the

temperature, but also with the physical condition. Thus cast

metals or metals deposited by the galvanic current become

denser when rolled or hammered. Electrolytic copper has a

specific gravity of S'952, and after hammering its density is

8-958; and that of cast zinc is 6'9, that of rolled sheet zinc

being 7'2.

MELTING POINTS OF THE METALS.

7 The melting points of the metals also differ widely, as is

seen in the following table :

Other metals, such as iron and cobalt, fuse at a bright white

heat, whilst platinum and iridium can be melted only in the

oxyhydrogen flame, and osmium has not, as yet, been fused.

CRYSTALLINE FORM OF METALS.

8 Most metals, as well as their alloys, can be obtained in the

crystalline state, and those occurring as minerals in the native

condition are often found crystallized ;
this is the case with gold,

silver, copper, platinum, iridium, palladium, gold-amalgam, and

silver-amalgam. In general the form which they assume is one

belonging to the regular system, such as the octahedron or the

cube, or a combination of these forms. Some few, such as zinc,
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antimony, and bismuth, crystallize in the hexagonal system, and

the two latter metals, which closely resemble arsenic, are found,

as this is, crystallized in rhombohedrons. On the other hand,

a few metals, such as tin and potassium, crystallize in the

quadratic system.
To obtain metals in the crystalline state several processes

can be adopted. Crystals of metals which fuse readily can be

obtained by solidification after fusion. Bismuth, antimony, lead,

and tin may thus be crystallized, and in a similar way sodium

and potassium; in the latter cases air must of course be excluded.

Metals which are easily volatilized, such as zinc, cadmium, and

potassium, may be obtained in crystals by condensation from

the gaseous state, whilst other metals, such as silver, thallium,

and lead, can be readily crystallized by the electrolysis of solu-.

tions of their compounds. In this case the metals separate out

in lustrous crystalline plates, and the exhibition of this pheno-
menon on the screen forms one of the most striking and beautiful

of lecture-room experiments, and is also well illustrated by the

formation of the lead-tree when a piece of zinc is immersed in a

solution of sugar of lead.

The fracture of metals is an important property intimately

connected with the crystalline form, and in many instances it is

of importance as giving a knowledge of the purity, or otherwise,

of the metal. The following varieties of fracture are generally

described :

(1.) Crystalline fracture; as in antimony, bismuth, zinc,

spiegel-iron, &c.

(2.) Granular fracture
;
as in grey forged pig-iron.

(3.) Fibrous fracture
;
as in bar and wrought iron when partly

broken by bending.

(4.) Silky fracture
;
as in a piece of tough copper.

(5.) Columnar fracture; as observed in the grain tin of

commerce.

(6.) Conchoidal fracture
;
noticed in the case of certain brittle

alloys such as that composed of one part of copper to two of

zinc (Percy).

Conductive Power for Heat and Electricity. In their power
of conducting heat and electricity, metals as a rule widely out-

strip the non-metallic elements, as well as all chemical

compounds. This property varies considerably in different

metals, and also in the same metal according to its physical
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condition and chemical purity. The soft metals conduct best,

and at higher temperatures the conduction in all metals is less

perfect than at lower ones. In 1833 Forbes 1

pointed out that

the order of conducting power of the metals for heat and

electricity is the same.

ATOMIC HEAT.

9 The specific heat of a body is the ratio of the quantity of

heat required to raise that body 1 to the quantity required to

raise an equal weight of water 1 (Maxwell). The amount of

heat needed to raise a kilogram of water through 100 is thirty-

one times as large as that required to raise the same weight of

platinum through the same interval of temperature, or in other

words, the same amount of heat which raises one kilogram of

water through 100 will raise thirty-one kilograms of platinum

through the same temperature; hence the specific heat of

platinum is said to be -3^
= 0'032. The specific heat of the

same substance varies considerably under different physical

conditions and according as the substance is solid, liquid, or

gaseous.
An accurate determination of the specific heat of thirteen of

the solid elements led Dulong and Petit in the year 18192 to

the conclusion that the specific heat of the metals varies in-

versely as the atomic weight, so that if the specific heat of an

element be multiplied by its atomic weight a constant number

is always obtained. Hence the French experimentalists con-

cluded that the atoms of different bodies possess the same

capacity for heat, or all the elements have the same atomic

heat. Although chemists at the time acknowledged the impor-
tance of this discovery, they did not consider that the conclusions

arrived at were established beyond doubt, inasmuch as Dulong
and Petit were obliged to alter their atomic weights in order to

make their law applicable to certain of the elements whose

specific heat they had determined. And although Berzelius

allowed that in some cases such an alteration might be admis-

sible, he showed that in certain instances the atomic weights
which Dulong and Petit were obliged to adopt led in other

respects to very improbable conclusions. Moreover, a few of

1 Phil. Mag. iv. 27. 2 Ann. Chem. Phys. x. 395.
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the elements investigated by the French chemists were very

impure, so that the specific heats which they obtained were

inexact. Berzelius very properly insisted that further investi-

gation was necessary, and adds,
1 "

If we attempt to apply this

idea to compound bodies, and if the result of such an examina-

tion confirms the views of Dulong and Petit, this discovery
will rank as one of the most important parts of theoretical

chemistry."

The next step in the direction thus indicated by Berzelius

was made by F. Neumann,2 who showed in the year 1831 that

equivalent quantities of similarly constituted compounds possess

equal specific heats, and that this equality is independent of

difference in crystalline form
;

thus calc spar and arragonite

both possess the same specific heat. Neumann, however, did

not connect this discovery of the relation between the specific

heats of the compounds with that of Dulong and Petit respect-

ing the specific heats of the elements. Only by degrees, and in

the hands of numerous observers was this connection brought

about, and even at the present day it cannot be said that the

subject is fully investigated. The researches which have mainly
contributed to the development of this subject are those of

Hermann, 1834, Kegnault, 1840, De La Pave and Marcet, 1840,

H. Kopp, 18643
(whose memoir contains a historical introduc-

tion to the whole subject).

10 It is especially to the researches of Regnault that we are

indebted for the corroboration of the results of the earlier

experiments proving that the law of Dulong and Petit is ap-

plicable with a very considerable degree of accuracy to no less

than forty of the elementary bodies, so that we may regard those

weights of the elements to be their atomic weights, which, when

multiplied into the specific heats of the elements, give a constant

number. This is termed the capacity of the atom for heat, or

the atomic heat of the element. If the atomic weight of hydro-

gen be taken as the unit, and if the capacity of water for heat

be taken at one, then the numbers representing the atomic heats

of most of the elements are found to lie near 6'4, or these

elements possess the same atomic heat. This is clearly seen if

we multiply the specific heats of the metals by their correspond-

ing atomic weights, for example :

1 Berzelius's Jahresb. i. 19. s
Pocig. Ann. xxiii. 1.

3 Ann. Chcm. Pharm. Suppl. Band.' 1864, p. .1.
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Zinc 0-0955 x 64'9 = 6'2

The researches of Kegnault and Kopp have proved that

Dulong and Petit's law is approximately true for the greater

number of the elements in the solid state and within a given

range of temperature ;
so that this property may be employed

for the purpose of controlling the determinations of atomic

weight in doubtful cases. Amongst those elements which con-

form to the law are in the first place the metals, and then

certain non-metals such as bromine, iodine, selenium, tellurium,

and arsenic.

The following table shows within what limits the atomic

heat of certain elements varies. The first column contains the

names of the elements, the second their specific heats, the third

the temperature at which the determination was made, the

fourth the atomic weight, the fifth the product of the atomic

weight into the specific heat, and the sixth the name of the

observer :
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ii In this table the following non-metals, which Eegnault

and Kopp have found to possess smaller atomic heats, have

been omitted :



18 TEE METALS.

These elements accordingly possess at temperatures between

and 100, smaller atomic heats than correspond to Dulong and

Petit's law. Eecent investigations by Weber1 have shown that

the specific heat of carbon varies very considerably with the

temperature, and that above a certain limit of temperature it

remains constant and thsn follows Dulong and Petit's law, as is

seen in the following table :

Diamond

Graphite

0-0635

01128
0-1532

0-2218

02733
0-4408

0-4489

0-4589

01138
01990
0-4454

0-4670

Similar results have been observed in the case of silicon.

The specific heat of this element becomes constant at a tempera-
ture of 200, giving an atomic heat of 5 65. Boron also exhibits

the same phenomenon. The specific heat increases rapidly with

the temperature, the constant limit being reached probably
between 500 and 600.

Weber's investigations have also shown that the allotropic
modifications of a substance at low temperatures possess different

1 On the Specific Heat of the Elements Carbon, Boron, and Silicon. Stuttgart, 1874.
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specific heats, but thai this difference diminishes as the tem-

perature increases, and at last it altogether disappears. For

example, Eegnault concluded from his experiments that the

specific heat of amorphous carbon was different from that of

the two other modifications. Weber has, however, distinctly

shown that this is not the case, but that carbon exists in two

thermal modifications (1) opaque, (2) transparent. These

thermal differences only occur at low temperatures, and when
a high temperature is reached no variation is observed.

From the table we see that the atomic heats of the elements

vary considerably even within the limits of temperature at

which each appears to be constant. Thus, for instance, whilst

the value for the majority lies between 6'1 and 6'5, in others

the number sinks so low as 5'2, and in the case of the alkali

metals and bromine and iodine the number rises to 6'9. These

differences may, in some instances, be explained by the fact

that the substances under investigation were impure. They

may also be due, to a certain extent, to errors of experiment
.which may easily occur in working with bodies so readily

oxidized as the metals of the alkalis. Still the differences can-

not be thus altogether satisfactorily accounted for, and we must

conclude that a variation of the specific heat with the tempera-
ture occurs not only in the case of carbon, boron, and silicon,

but also, to a less degree, with all the other elements. This

indeed has already been observed in some instances. Thus

sulphur has an atomic heat, according to Kopp, of 5"2 at 31,
but at 67, according to Eegnault, of 57. Hence we might be

inclined to argue that only those atomic heats which are deter-

mined at high temperatures are correct. But the difficulty recurs

that many elements deviate altogether from Dulong and Petit's

law when examined at temperatures near their melting points.

The probable explanation of the whole matter is that the atomic

heats are only constant within a limited range of temperature.

We must also remember that when we speak of specific heat

we really refer to two quantities ;
in the first place, to the real

specific heat which remains as heat, and secondly, that which

goes to do work, such as expansion, and which, therefore, ceases

to be heat. This last amount of heat is, however, different in

the case of different substances, and if it could be ascertained

we might probably find that Dulong and Petit's law is more

strictly true than the determinations hit) Tto made have led us

to suppose it to be.
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The above law does not hold good for liquid or gaseous bodies

with the single exception of mercury, which possesses the same

atomic heat in the liquid and in the solid state.

MOLECULAR HEAT OF COMPOUNDS.

12 Ivopp has shown that the atomic heat of an element does

not undergo change when that element enters into combination.

In other words, the molecular heat of a compound is equal to

the sum of the atomic heats of its elements. The following

examples will illustrate this :

Molecular Heat.

Hence if the atomic heat of a solid element has not been

determined it may be calculated from the molecular heat of its

compounds with other elements whose atomic heat is known.

In this way the atomic heats of rubidium, strontium, barium,

and titanium have been determined, and they have been found

to agree with the law which applies to all the other metals.

Kopp has also shown that the elements which are unknown
in the solid state possess a constant atomic heat in their solid

compounds. It thus becomes possible to determine the amount
of their atomic heat. In this way the atomic heat of chlorine

has been found to be equal to 5'9, that of nitrogen 5'.'i, of fluorine

50, of oxygen 4'0, and of hydrogen 2'3. The following examples
illustrate this point :

-
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This table shows that the two first elements obey the law.

Fluorine does so approximately, but oxygen and hydrogen are

seen to deviate considerably.

Kopp has moreover proved that the elements boron, silicon,

and carbon possess, in combination, the same atomic heat as in

the free state at temperatures below 100. Hence it is not im-

probable that if we could obtain the specific heat of oxygen
and hydrogen compounds at a high temperature the atomic heats

of these elements might exhibit the same sort of alteration

which has been proved to exist in the case of carbon, silicon,

and boron.

13 The elements which possess a smaller atomic heat than the

majority at temperatures below 100 are non-metals and have

low atomic weights. All the non-metals whose atomic weights
are high and all the metals, without exception, follow Dulong
and Petit's law below 100. Hence by help of the specific heat

the atomic weights may in certain doubtful cases be controlled.

For instance, it was for some time a matter of doubt whether

the metal thallium, discovered by means of spectrum analysis

by Mr. Crookes, ought to be classed with the alkali-metals or

with lead, inasmuch as it showed great analogy with both these

elements. If classed with lead, the chloride of thallium must

be represented by the formula T1C1 2 ,
and its atomic weight must

be 407*2. If it be classed with the group of alkali-metals the

chloride must have the formula T1C1, and its atomic weight will

be 203'6. Now Eegnault determined the specific heat of

thallium to be 0335, thus deciding the question in favour of

the latter view, since 0'0335 x 203'6 = 6'8.

Indium is another new metal discovered by spectrum analysis.

The chloride of this metal contains 37 '8 parts by weight of metal

to 35'46 parts by weight of chlorine. Indium, however, has

a very considerable resemblance to zinc and cadmium, and

for this reason the chloride was supposed to have the formula

In(Jl
2 , giving an atomic weight of 75

-6 to the metal. In 1870

Bunsen1 ascertained by means of his ice calorimeter that the

specific heat of indium is 0-057. Now 057 x 75'6 = 4'3, or

only two-thirds of the atomic heat of the other metals. Hence

we must assume that the true atomic weight of the metal is

75-6 x | = 113'4. This would give the formula for the chloride,

InCl3
.

In a similar manner the specific heats of the metals cerium,

i Phil. Mag. [4], xli 161, 392.
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didymium, and lanthanum have recently been determined by

Hiliebrand with Bunsen's ice calorimeter 1 with the following

results :

Didyminm. . .
= 0'04563

Lanthanum . .
= 0'04485

Cerium . . . .
= 0'04479

Up to this time these metals were considered to be dyads,

their lowest oxides were supposed to be monoxides DiO, LaO,

CeO, the corresponding chlorides being DiCl
2, LaCl2 ,

CeCl
2j

and the atomic weights of these metals Di = 94'2, La =
92'0,

Ce = 93'3, and their atomic heats 4'4, 4'1, and 41 respectively.

If, however, we assume, as in the case of indium, that the lowest

oxides of these metals are sesquioxides Di
2 3 , La.,O3 ,

and Ce
2
O3,

then the above weights will become Di 142, La = 138,

Ce = 140, and their atomic heats will be in accordance with

Dulong and Petit's law, viz., 67, 6'2, and 6'3.

The example of uranium may also be quoted. At first this

metal was supposed to have an atomic weight of 120 and to

resemble iron in its chemical characteristics, its oxides having
the formula? TJO and U O3 . Subsequent investigations proved,

however, that uranium belongs to the chromium group. Hence

it possesses the atomic weight 240, and this conclusion was

confirmed by Zimmermann who found its specific heat to be

0'02765 and, therefore, its atomic weight to be 2S9,2

14 CLASSIFICATION OF THE METALS.

1. Metals of the Alkalis. 3. Magnesium Group.

-n , Beryllium . , Be
Potassium . . . . K

Magnesium .... M ;
>

Zinc ...... Zu.

Li Cadmium. , Cd
Rubidium . . . . Rb
Caesium ..... Cs 4- Lead Group.

Lead ...... Pb
Thallium ..... Tl

2. Metals of the Alkaline Earths.
5. Copper Group.

Calcium ..... Ca Copper ..... Cu
Strontium . . . . Sr Silver . . . . . . Ag
Barium ..... Ea Mercury ..... Hg

1
Pogg. Ann. clviii. 71.

a Ann. Chcm, Pharm. ccxxxii. 299.
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8. Iron Group.

Manganese .... Mn
Iron Fe
Nickel Ni
Cobalt Co

9. Chromium Group.

Chromium . . . . Cr

Molybdenum. . . . Mo
Tungsten W
Uranium . U

12. Gold Group.

Gold Au
Platinum Pt
Ruthenium .... Ru
Rhodium Rh
Palladium . . . . Pd
Iridium Ir

Osmium . ... Os

15 The metals, like the non-metals, can be arranged in a cer-

tain number of groups dependent upon their chemical analogies.
We have seen that the non-metals are classed in four divisions,

according as each element is capable of combining with one, two,

three, or four atoms of hydrogen to form a volatile compound.
In the case of the metallic elements this mode of classification

cannot be adopted, because, with the single exception of anti-

mony, so intimately related to arsenic, none of the metals form

volatile compounds with hydrogen. Many metals, however,
resemble the non-metals in the power of uniting with the monad
alcohol-radicals to form volatile compounds. These metallo-

organic substances serve equally as well as the hydrides for the

purpose of determining the quantivalence of an element, inas-

much as these may be considered to be hydrides in which each

atom of hydrogen has been replaced by a monad-radical such

as methyl, CH3
. This relation is seen in the following

table :
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Hydrochloric Acid. "Water.

H) H) Q
Clf H}

Methyl Chloride. Methyl Oxile.

Ammonia. Silicon Hydride.

NH)H V

HJ

H
)HU-r-r > kTM-

Trimethylamine. Silicon Methyl.

CH, nw3
jCH

3 ( R .

3

CH
3 J

CH
3

CHj

The following are some of the volatile methyl compounds of

the metals which have already been prepared :

Zinc Methyl. Antimony Methyl.

Zn CH, V Sb
^3^ CHJ(

Mercury Methyl. Aluminium Methyl.

Tin Methyl.

CH
3 )

SKsn.
CH3

Lead Methyl

CH3

CH3

CH
3 )

CBLVA1
CH

3 j

These volatile compounds correspond to those which the

metals, as well as the non-metals, form with the elements of the

chlorine group. These latter may, therefore, also serve as a means
of ascertaining the quantivalence of an element. Indeed in the
case of the metals this method is especially valuable, as the

metallic elements all combine with the members of the chlorine

group to form compounds which can usually be easily volatil-

ized. The following haloid compounds have been thus employed
for ascertaining the quantivalence of their constituent metals.
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16 It is well to notice that in order to arrive at a definite

conclusion as regards the molecular formula of a chloride, the

vapour density should remain constant through a considerable

range of temperature, as it is found in many instances that the

vapour density of the compound diminishes gradually with

increase of temperature, and only attains a constant value at

temperatures considerably above the boiling point. The same
fact has been observed with substances boiling at quite low

temperatures, as, for example, acetic acid (Vol. III., pt. i., p. 494).

In consequence of this, a single determination of the vapour,

density has led to incorrect conclusions with regard to the

formulas of several chlorides. Thus the first determination of

the vapour density of ferric chloride, made by V. and C. Meyer,
1

agreed approximately with the formula Fe
2
Cl

6 , and this was

therefore believed to be correct, Subsequently V. Meyer and

Grlinewald 2 showed that the vapour density of ferric chloride is,

even at 448, rather less than corresponds to the formula Fe
2
Cl

6)

and that as the temperature rises the density gradually becomes

less, until at 750 the value closely agrees with the formula

FeCl3,
and remains constant at that value up to 1,077,

after which dissociation into ferrous chloride and chlorine

commences. This entitles us to say that the true formula of

ferric chloride is FeCl3 ,
and that iron in the ferric compounds

acts as a triad, and is not, as was formerly considered, a

tetrad.

Another instance of a similar kind has been observed in the

case of aluminium chloride
;
the older experiments of Deville

and Troost in 1857 gave the vapour density at 9'3, corresponding
to the formula A1

2
C16 , and this compound was, therefore, repre-

sented by the formula

Cl Cl

C1A1 Al Cl

Cl Cl

Nilson and Pettersen,
3 in repeating this determination in 1887

at higher temperatures, obtained the following numbers :

1 Bcr. Dcutsch. Chcm. Gcs. xii. 1,195.
8 Bcr. Dcutsch. Chcm. Gcs. xxi. 687.
> Zcit. Pliysik. Chcm. 1837, 463.
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The calculated value for the formula A1
2
C16 is 9'2, and for A1C13

4-6.

Further examples of this change of density are found in

the case of stannous chloride and ferrous chloride
;
in both of

these cases the density at low temperatures is variable, being
lower than that required by the doubled formulse Sn.X!l4 , Fe.,Cl4,

although higher than that needed by the simpler formulas

SnCl
2 , Fed., ;

at higher temperatures, however, a constant value

corresponding to the simpler formula is obtained. Chromic

chloride has likewise proved to have the formula CrCl3 , and the

double formulae so long employed for the ferric, chromic, and

aluminium salts must therefore now be abandoned.

An instance of an opposite character occurs in the case of

cuprous chloride. The vapour density of this compound was

found by V. and C. Meyer to correspond to the formula Cu.,Cl2
at a bright red heat, and a later determination made at a white

heat led to the same formula.

The constitution of cuprous and cupric chlorides may be

represented by the formulse :

Cuprous Chloride. Cupric ChloriiK

Cl Cu Cu Cl. Cl Cu Cl.

copper being regarded as a dyad in both cases. Mercurous and

silver chlorides are undoubtedly analogous compounds to cuprous
chloride and might be represented as follows :

-

MerrMirous Chlrride. Silver Chloride.

Cl Hg Hg Cl. Cl Ag Ag Cl.

The vapour density of mercuric chloride has, however, been
found to correspond to the simpler formula HgCl, from which
it would appear that mercury is a monad in the mercuroug

compounds. The supporters of tli3 theory that mercury waa
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always a dyad, refused to accept the vapour density determina-

tion as a proof of the simpler formula, and suggested that the

molecules Hg2
Cl

2 like those of ammonium chloride (p. 177)
do not exist in the gaseous form, but split up on volatiliza-

tion into mercury and mercuric chloride, which reunite on

cooling :

Hg2Cl2
= Hg + HgCl2

If this decomposition were complete the observed vapour.density
would be identical with that required by the formula HgCl.

In favour of this supposition was the observation of Erlen-

meyer
a that sublimed calomel always contains small quantities of

mercuric chloride and mercury, whilst Odling
2 showed that gold

leaf is amalgamated when exposed to calomel vapour at 400 >

these experiments, however, only show that partial decomposi-
tion occurs, and do not prove the complete dissociation which

must take place if the formula is Hg2
Cl

2
. Debray,

3 on the other

hand, found that a considerable portion of the calomel remains

undccomposed at 440, and Fileti 4 showed that when a mixture

of mercuric and mercurous chlorides is heated to about 400 in

a platinum tube, into which is introduced a silver-gilt tube

traversed by a stream of cold water, no amalgamation whatever

occurs, and the vapour density of mercurous chloride, calculated

from that of the mixture, still agrees with the formula HgCl,
and this must therefore be regarded as the correct molecular

formula.

The vapour density of silver chloride has also been recently

determined by V. Meyer and Biltz^ and though, as would be ex-

pected, the numbers obtained at the high temperature necessary

for the determination (1735) are not very exact, they are sufficient

to show that the molecular formula is AgCl and not Ag2Cl.2 .

The vapour density of the compounds which some of the

metals form with the alcohol radicals lead to very similar

results, as will be seen by reference to the formulae on p. 24. In

the case of aluminium methyl, the vapour density found at 100

corresponds to the formula Al^CHg)^ but at 220 the molecular

1 Ann. Chcm. Pharm. cxxxi. 124.
3 Jahresb. 1864, 280.

Compt. Rfnd. Ixxxiii. 330.
* Gays. Chim. 1881, 341.
6 Zcti. Phyaik. Chan. iv. 249.
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formula is A1(CH3) 3
. Lead forms two compounds with the

radical ethyl, namely

C,H5 ) . . (C2
H

B

Pb and C,
,H5 ) (C2

H
5

2
"H

5
L Ph-Pb J C

2
H

5

in both of which it acts as a tetrad. The vapour density of

lead chloride, on the other hand, found by Roscoe l to be 9'49,

corresponds to the formula PbCl2 ,
in which lead clearly acts as

a dyad.
The volatile bromides and iodides serve even more imperfectly

than the chlorides for controlling the quantivalence of an ele-

ment, for the power of combination with bromine and iodine

which the non-metals as well as the metals possess is, as a rule,

less than is the case with chlorine. Thus phosphorus pentabromide
can only exist at a low temperature, and when gently warmed

it decomposes into tribromide and bromine, whilst a pentaiodide

of phosphorus is unknown.

The definite results which have now been obtained with

regard to a large number of metallic chlorides, necessitate a

considerable modification of the older views concerning the

quantivalence of the elements, which can now no longer be

regarded as being of constant value, or even as varying in a

regular manner. Thus, in the case of indium, three volatile

chlorides are known having the formulas InCl, InCl
,
and InCl3 ,

in which the metal is a monad, dyad, and triad respectively.

Iron is a dyad in ferrous chloride, and a triad in ferric chloride,

whilst tungsten acts both as a pentad and a hexad.

In addition to the variation of the quantivalence of a metal as

deduced from its different chlorides, a variation is also frequently
observed between the quantivalence obtained from the vapour

density of a metallic chloride, and that founded upon the general
chemical relations of the metal. Thus the only volatile chloride

of vanadium has the formula VC1
4 ,
whilst its general deport-

ment is analogous to that of nitrogen, phosphorus, &c., and it

behaves as a triad or a pentad. Again, the only volatile chloride

of molybdenum has the formula MoCl
5 ,

but in many other

compounds, such as molybdic acid and the molybdates, it is a

hexad.
'

* Proc. Roy. Soc., xxvii., 426.
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A similar variation in the quantivalence is also observable, in

the case of a few compounds of the non-metals.

The most striking example of this is found in the case of

nitrogen ;
this element in most of its derivatives behaves as a

triad or a pentad, but some of its compounds with oxygen

occupy an exceptional position. Thus, for example, in nitric

oxide, NO, it must be regarded as a dyad, and in nitrogen per-

oxide, which at temperatures above 140 has the molecular

formula NO2 , nitrogen must be classed as a tetrad.

Again the molecular formula of the highest oxide of chlorine

is CIO., as shown by its vapour density at 10
,

1 and this leads

to the remarkable conclusion that chlorine in this compound is

a tetrad.

1 Pebal and Schacherl, Ann. Chem. Pharm. ccxiii. 113.
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METALLIC OXIDES AND HYDROXIDES.

19 All the inetals combine with oxygen. Some, such as those

of the alkalis and alkaline earths, unite with oxygen so readily

that they have to be preserved out of contact with air or with

any compound containing oxygen. Other metals withstand the

action of oxygen at the ordinary temperature, but combine with

it when heated. When the metals are easily volatile, as is the

case with magnesium and zinc, they burn with a bright flame

in the air or in oxygen. If they do not volatilize readily, like

tin and lead, the metals gradually undergo oxidation without

evolution of light and heat. A few metals such as gold and

platinum cannot be made to unite directly with oxygen, even

at the highest temperatures. The oxides of such metals can

however be prepared by indirect means
;

chlorine attacks all

metals, and if the chlorides of these metals which are not

directly oxidizable be decomposed by an alkali, their oxides are

formed thus :

SAuCl + 2KOH = Au
2O + 2KC1 + HgO.

There is good reason to suppose that the simple formulae

usually employed to designate the composition of metallic

oxides are not molecular formulae
;
thus the oxides of potassium,

zinc, and antimony, are represented by the formulae K
20,ZnO,

and Sb
2
O

3 , and as the metals themselves are volatile, we should

expect such simple derivatives to be also volatile. This is,

however, not the case, and the molecular formulae must there-

fore be a multiple of those given above.

The metallic oxides may be divided into three groups, (1)

Basic oxides, (2) Peroxides, (3) Acid-forming oxides.

(1.) Basic Oxides. The most characteristic property of this

class of oxides is their power of uniting with acids to form salts.

In this act of combination water is always formed. Hence these

oxides may be regarded as water in which hydrogen is replaced
by a metal. When this replacement is only a partial one, com-

pounds termed hydroxides are produced. These were formerly
called hydrates, as they were supposed to be compounds of the
oxides with water.

The soluble oxides and hydroxides possess an alkaline reaction
;
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they colour red litmus paper blue, turn yellow turmeric paper

brown, and change the tint of many red and violet vegetable
colours to green. The hydroxides of the alkali-metals are the

most soluble. They are termed alkalis, and are distinguished by
their caustic taste. The hydroxides of the metals of the alkaline

earths are less soluble. Most of the other hydroxides and basic

oxides are almost insoluble in water. Exceptions to this law

are seen in the case of thallium hydroxide, which is very soluble

in water, as well as in the oxides of lead, silver, and magnesium,
which dissolve very slightly. Many metals yield two or more

basic oxides, and corresponding hydroxides. These compounds

may be represented as water in which the hydrogen is wholly or

in part replaced by metal. Thus :

Mercurous oxide
JT^ ~)>0.

Mercuric oxide Hg = 0.

Ferrous oxide Fe = O Ferric oxide Fe = O

i>
Fe =

/OTT
Ferrous hydroxide Fe< X2 Ferric hydroxide Fe OHH\OH

As previously noted, the above must not be looked upon as

molecular formulae. They simply serve to express the fact

that if the metal be replaced by hydrogen, as may readily

be effected by the action of an acid, water and a salt are the

only substances formed.

(2) Peroxides. This class of oxides contain more oxygen

than the basic oxides. When heated they usually yield the cor-

responding basic oxide, and in this respect resemble hydrogen

peroxide, which readily decomposes into water and oxygen.

Treated with hydrochloric acid they give rise either to (1)

hydrogen peroxide, or (2) chlorine :

(1) Ba0 4 + 2HC1 = BaCl 2 + H,0, (2) Mn02 + 4HC1 = MnCl, + 2H2 + Cl,

When sulphuric acid acts on a peroxide with formation of

either hydrogen peroxide or oxygen, the latter reaction always

occurs when the mixture is heated.

(3) Acid-forming Oxides. These oxides are especially charac-

teristic of the non-metallic elements, though they likewise occur
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amongst the metals. They contain more oxygen than the

peroxides, and they are characterized by their power of com-

bining with water to form hydroxides, which are termed acids.

In the case of the metals as in that of the non-metals, it not

unfrcquently happens that the acid corresponding to the acid-

forming oxide is either not known in the free state, or can only

be obtained in aqueous solution. No well-defined line can be

drawn between these three classes of oxides. It is easy to

distinguish between the extreme members of the series, as the

alkalis, or alkaline earths, and oxides, which form strongly acid

hydroxides. But we are acquainted with many cases in which

basic oxides or peroxides act as weak acids in presence of

powerful bases, whilst on the other hand many peroxides and

acid-forming oxides play the part of bases towards a strong acid.

As with the non-metals so we find that the number of oxides of

a metal is larger than that of the chlorides. Thus vanadium

forms the following oxides corresponding to the oxides ofnitrogen :

V
2O, VO, V2

O3,
VO

2,
V

2O5. Manganese forms the following :

MnO, Mn
2
O

3 , MnO2 ,
Mn

2
O

7
. This last oxide unites with

water to form permanganic acid, MnO3(OH); and in addition

we are acquainted with manganic acid, MnO2(OH) 2
. Hence

manganese in these compounds is, like sulphur, di- tetra-

and hexa-valent, and, like chlorine, also tri- and hepta-valent.

ACIDS.

20 The only acid known to the ancients was vinegar or acetic

acid. Hence the name of this substance and the notion of

acidity were represented by closely-related words (6'|o<?, acetus,

vinegar ; ofy?, acidus, acid). The power of vinegar to produce
an effervescence when brought on to the carbonate of an alkali

was observed in early times. Thus we read in Proverbs xxv.

20,
" As he that taketh away a garment in cold weather, and as

vinegar upon nitre, so is he that singeth songs to an heavy
heart." Nitre in this case stands for natron or native carbon-

ate of soda. It was also well known that vinegar acts as a

solvent upon many substances, as in the celebrated story of

Cleopatra dissolving pearls. The Arabians were acquainted
with many other acids. Geber termed nitric acid aqua dissoli-

tiva, and he gives the same name to the liquid obtained by
strongly heating alum in a retort, which was probably dilute

sulphuric acid. This shows that the special characteristic of an

acid, according to the older alchemists, was its power of dissolving
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substances which are insoluble in water. Other properties com-

mon to the whole class of acids were not observed until a much
later date. In 1668 Tachenius noticed that all acids are capable
of combining with alkalis. Hence he considered silica to be an

acid. Boyle
1 defines an acid as follows: "

It is a body which (J)

acts as a solvent but acts with varying power on different bodies
;

(2) It precipitates sulphur and other bodies from their solutions

in alkalis
; (3) It turns blue vegetable colouring matter red,

whilst alkalis bring the blue colour back again ; (4) It can

combine with an alkali when the characteristic properties of

each body disappear and a neutral salt is formed." These

properties were henceforward regarded as the special character-

istic of acids, and accordingly F. Hofmann in 1723 asserted

that the spiritus mineral-is, which exists in many mineral

springs, and which we term carbonic acid, belongs to the class

of acids as it turns blue litmus solution red. Forty years

later Bergman strengthened this conclusion by showing that

this same substance possesses the power of destroying tho

caustic nature of the alkalis, giving rise to a distinct class of

salts.

The question as to the essential nature of acids was one

often discussed, but no definite result was arrived at inasmuch

as experiment was not appealed to. Lavoisier pointed out that

the element oxygen was contained in all the acids which he

examined, and accordingly he gave to this substance the name

which it now bears. The fact that all acids contain oxygen, was

soon generally acknowledged. But, on the other hand, it was

denied by some, especially by Berthollet, that oxygen is the

acidifying principle. He based this conclusion on his experi-

ments upon prussic acid and sulphuretted hydrogen, both of which

are acid bodies although they do not contain any oxygen.

These opinions however met with but little recognition. Lavoi-

sier's views carried the day, and oxygen was generally con-

sidered to be the true acidifying principle, it being assumed

that sulphuretted hydrogen and prussic acid contained this

element. The next step in the progress of our knowledge on

this subject was Davy's investigation on chlorine and hydro-

chloric acid, carried out in 1808-1810. He proved that a

powerful acid exists which certainly does not contain oxygen.

Gay-Lussac's discovery of hydriodic acid, and the proof that

prussic acid likewise contains no oxygen, soon came in corrobo-

*
Reflections upon the Hypothesis of Alcali and Acidum, iv. 284.
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ration of this view. Acids were henceforth divided into two

classes : the oxy-acids, and the hydracids. Under the first

heading were placed all those bodies to which we now give the

name of acid-forming oxides. The true oxy-acids were con-

sidered to be the hydrates of these oxides.

Much discussion as to the nature of the true acidifying prin-

ciple followed these discoveries. Gay-Lussac, reasoning from the

composition of the hydracids such as hydrochloric, hydriodic, &c.
}

believed that hydrogen is to be regarded as the essential consti-

tuent of an acid, whilst in the case of the oxy-acids, oxygen is

the acid-producing substance. Dulong was the first to suggest,

in 1816, that all acids must be considered as belonging to one

type, that they all contain hydrogen on the one hand and some

other element or groups of elements on the other. This idea

was, however, by no means generally admitted by chemists' of

the time, and it is only in recent years that this view has been

reproduced and almost universally adopted.

The subsequent development of this theory is intimately

connected with the subject of the constitution of salts, which

we now proceed to discuss.

CONSTITUTION OF SALTS.

21 The word salt even at the present day is commonly applied
to sea-salt or sodium chloride, and there can be little doubt that

originally the term was given to the same substance, the Greek
form of the word (a\?), in the feminine being used for the sea

itself, whereas in the masculine it denoted the solid residue left

when sea water is evaporated. The growth of the application
of the word salt from a special to a generic term, appears to

have had its origin in the fact that just as common salt is

obtained by the evaporation of sea-water, so other kinds of salt

can be obtained by the evaporation of other liquids, as when,
for instance, wood-ashes are boiled with water the clear solution

yields on evaporation a white soluble residue to which the name
of salt was applied. This extension of the term, as Kopp re-

marks, was, however, not accompanied by any knowledge of the

differences between the substances thus classed together, exhibit-

ing indeed ignorance with respect to the chemical differences

of these various soluble substances. Even up to the end of the

last century the wider application of the word salt may be said

to have been prevalent. Amongst the alchemistic writings of
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the thirteenth century the words salpetrse, salnitri, salman-

num, salarmoniacum, salvegetabile and the like occur; these

bodies are all soluble in water and may be again obtained from

solution by evaporation. The ideas connected with these salts

were vague and indefinite. But a new meaning was given to

the word salt by Basil Valentine. He applied the term to

the solid bodies obtained by the combustion of substances.

This view was also upheld by Paracelsus, and was generally,

though not universally, adopted by chemists. Thus we find

in the seventeenth century that salt was considered to be one

of the hypothetical essential constituents of all bodies, all in-

organic substances being made up of salt, sulphur, and mercury

(see Historical Introduction, Vol. I. p. 6). This view of the

word salt as an essential constituent of all bodies was strongly

opposed by Boyle, who paid much attention to the investigation

of salts, and to whom we owe much of our knowlege of the

special nature of the different salts. He was not able, however,

exactly to define to what class of bodies the term salt ought to

be applied. This was specially accomplished by Boerhave, who
in his Elementia, Chemice, published in 1732, describes the

special propeities of salts to be their solubility, fusibility, vola-

tility, and taste. According to this definition, however, alkalis

and acids must also be considered as salts, and these were,

therefore, divided into salia alcalina, salia acida, salia salsa, salia

media, salia neutra, and salia compoeita. Under the last named

was understood a class of salts obtained by the union of an acid

with an alkali or metallic calx. The chief characteristics of the

salt still remained their solubility and peculiar taste. It was

soon seen that such a definition leads to contradictions, for baryta,

nitric acid, and sulphuric acid would thus be salts as well as

nitrate of barium, whilst sulphate of barium, which is insoluble

and, therefore, possesses no taste, would not be a salt. Hence

the necessity became obvious of separating alkalis and acids from

the true salts, or salia media as they were called, and the word

salt was now taken to mean such substances as are obtained

when an acid and a base are brought together or when an alkali

or metallic calx is neutralized by an acid. After the fall of the

phlogistic system, and after Davy's discovery of the compound
nature of the alkalis, it was generally admitted that all salts are

compounds of a basic- with an acid-oxide. This definition, how-

ever, became unsatisfactory as soon as the hydracids were dis-

covered. From this time forward salts were divided into two
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classes, those which contain oxygen and are termed ampliid

salts and those which are free from oxygen and are termed

haloid salts. Berzelius included the sulpho- and seleno-salts

under the term amphid salts, inasmuch as these elements like

oxygen form basic as well as acid compounds. Hence he termed

these elements amphids, whilst to the elements of the chlorine

group which combine directly with metals to form salts he gave

the name haloids. This view held its ground for a considerable

length of time, although it necessitated a different explanation

for'reactions which are in fact similar. Thus, for instance, when

hydrochloric acid acts upon zinc it was assumed that the metal

simply replaced the hydrogen of the acid :

When, however, sulphuric acid acts upon zinc it was necessary

to assume that the presence of the acid enabled the zinc to

decompose the water (predisposing affinity) in order that an

oxide may be formed with which the acid can unite
;

the

reaction was, accordingly, represented as taking place in two

(1) Zn +H2
= H

3 + ZnO.

(2) S03 + ZnO = S03,ZnO.

In the same way when hydrochloric acid combines with lime,

water is formed. On the other hand, when the same base com-

bines with sulphuric acid no water is produced :

(1) 2HC1 -f CaO = H2 + CaCl
2.

(2) S0
3 + CaO = S0

3,CaO.

22 In 1838, Liebig published his important investigation on

the constitution of the organic acids. In this memoir,
1 he dis-

cussed the question whether the salts and oxyacids are com-

pounds of a metallic oxide or of water with an acid-oxide, or

whether Dulong and Davy's view is the more correct one, viz.,

that all acids and salts may be represented as combinations of

metals, or of hydrogen, with elements or groups of elements.

Liebig points out that this latter definition does away with the

differences between oxyacids and hydracids, and between am-

phid salts and haloid salts. According to this view, acids are

simply hydrogen compounds, and when this hydrogen is replaced

by a metal a salt is formed. In Liebig's opinion the view is less

1 Ann. Pharm. xxvi. 113.
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applicable to inorganic than to organic compounds. Nor was it

until certain facts became known which were favourable to this

theory, that it was generally admitted that acids and salts possess
an analogous constitution.

If aqueous hydrochloric acid is decomposed by a galvanic

current, chlorine is evolved at the positive pole and hydrogen
is liberated at the negative. If dilute sulphuric acid is treated

in a similar way a simple decomposition of water apparently
takes place, for at the positive pole we obtain pure oxygen and at

the negative pure hydrogen. The same phenomenon is observed

in the electrolytic decomposition of a solution of sodium sul-

phate, but at the same time sulphuric acid is liberated at the

positive pole whilst soda makes its appearance at the negative

pole together with the hydrogen. Hence, in this case, it was

argued that the current decomposed both the water into its

elements and the salt into its immediate components. If a solu-

tion of sulphate of copper be subjected to the same treatment

oxygen is evolved at the positive pole and sulphuric acid liberated,

whilst at the negative pole metallic copper separates out; this

was explained by the supposition that the copper oxide which

ought to be deposited is reduced to the condition of metal by the

nascent hydrogen.
These phenomena were specially examined by Prof. Daniell. 1

It appeared to him important to determine the relation between

tho quantity of oxygen and hydrogen, on the one side, and of

the acid and the alkali on the other, formed in the electrolysis

of a salt of an alkali
;
and as the result of a large number of

careful experiments he found that these several substances are

produced in the proportion of their equivalents, and that this is

true not only in the case of sodium sulphate, but also in the

cases of other salts of the alkalis. Daniell also observed the re-

markable fact that the same current which apparently is capable

of producing these two decompositions is capable of liberating

exactly the same quantity of hydrogen and of oxygen from

dilute sulphuric acid. In this latter case, therefore, the current

was apparently able to effect only half the work which it was

capable of producing in the decomposition of an aqueous saline

solution, because in this case not only the salt but, as it seemed,

the water also, underwent decomposition. This is however

clearly impossible, and the phenomena observed can be readily

explained by assuming that in the decomposition both of aqueous
1 Introduction to Chemical Philosophy, second edition, p. 533.
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sulphuric acid and of the solution of a sulphate, either hydrogen

or a metal is liberated at the negative pole, whilst at the positive

pole the group S0
4
is set free. But this cannot exist in the free

condition, as it decomposes at once into oxygen and sulphur tri-

oxide, the latter dissolving instantly with formation of sulphuric

acid. "When a salt of an alkali is decomposed, the metal which

is evolved instantly decomposes the water with evolution of

hydrogen. According to this view the electrolytic decomposi-

tion of the oxysalts is exactly analogous to that of the chlorides,

and hence they must be similarly constituted. Daniell proposed

a new nomencla ure for the oxysalts :

HaSO4 Hydrogen oxysulfion.

Na2SO4
Sodium oxysulfion.

HIS
3 Hydrogen oxynitrion, &c.

This proposal has, however, never been generally adopted, and

even the old views respecting the constitution of the oxysalts
can only be said to be slowly disappearing.

23 If we ask ourselves the question, What is the cause of the

acid character of bodies ? we may say that acids must contain

hydrogen together with certain elements or groups of elements

which are termed negative elements or groups, inasmuch as these

are separated out at the positive pole in the act of electrolysis.

A compound may however contain both these negative elements

or groups of elements, and also hydrogen, and yet not belong to

the class of acids. Hence it appears that the atoms or groups of

atoms must be combined with hydrogen according to a particular

plan in order that the compound may assume the character of

an acid. Sir Humphry Davy,
1 in 1816, pointed out perfectly

correctly, that it is impossible to assert that a particular body
is an acid-forming or an alkali-forming principle, and that such

a definition would be to introduce nothing more than qualitates

occultas into science. The chemical properties of a body are,

said Davy, determined by
" the corpuscular arrangement

"
of

the constituent particles.

Amongst the different acids the hydrogen compounds of the

elements of the chlorine group possess the simplest constitution.

They contain one atom of hydrogen combined with one atom of

a powerful negative element. In the oxygen acids the hydrogen
which can be replaced by metals is always found to be combined
with oxygen in the form of the radical hydroxyl, OH, but it

1 Jour. Sc. and Arts, Eoy. lust. 1816.
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still does not follow that the number of hydroxyl molecules

represents the basicity of an acid, although this is frequently the

case, as is seen by the following examples :

Hypochlorous Acid. Nitric Acid.

C1.0H N0
2OH

Sulphuric Acid. Phosphoric Acid.

SO
*{oH

J

The organic acids assist us more than any other class in the

solution of the problem, as to what determines the acid nature

of a compound. In by far the majority of these bodies the

group OH is combined with the group CO ;
hence the following

are monobasic :

Formic Acid. Acetic Acid. Oxyacetic Acid.

( H ( CH
3

f CH
2OH

t COOH \ COOH \ COOH

Whilst on the other hand the following are dibasic :

Malouic Acid. Succinic Acid.

PTT r COOH r | COOH/2
\ COOH Uall4

\ COOH

The monad radical of nitric acid, nitroxyl, N02 , can also in

combination with carbon give rise to acids, but only when the

carbon atom with which the nitroxyl is connected is also com-

bined with hydrogen. Thus, if one atom of hydrogen in ethane

be replaced by nitroxyl we obtain the acid nitro-ethane which,

when acted upon by bromine, a strongly negative element, is

converted into a strong acid bromonitro-ethane, C2H4
BrNO2

. If

however one atom of hydrogen in this compound be replaced by
bromine, a perfectly neutral substance is obtained termed

dibromonitro-ethane, C2
H

3
Br2N02

. The constitution of these

bodies is as follows :

( CH, ( CH, T CH 3

I CH 2
N0

2 I CHBrN02 \ CBr2N02

The four atoms of hydrogen of marsh gas can also be replaced

by nitroxyl :

CH3N02
CH2(N02) 2 CH(N02)3 C(NOj)4

The three first of these substances are acids, whilst the fourth

is a perfectly neutral substance.
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Salts may be classed into several groups.

24 (1) Normal sails are those in which the whole of the re-

placeable hydrogen is completely replaced by a metal. These

were formerly called neutral salts, or salia media, because it was

noticed that when an alkali was added in the right proportion

to a powerful acid the resulting salt possessed neither an alka-

line nor an acid reaction. This is, however, not the case with

every normal salt. Those which are formed by the action of

a weak acid on a strong base, when they are soluble in water

usually possess an alkaline reaction: such are potassium carbon-

ate, K 2
C03 ;

sodium phosphate, Na3
P0

4
. On the other hand, the

normal salts obtained by neutralizing strong acids with weak

bases have an acid reaction, thus aluminium sulphate, A1
2(804) 3 ;

copper sulphate, CuS0
4, and many other salts of the heavy

metals.

Polybasic acids can form salts containing two or more different

metals
; thus, for instance, potassium sodium carbonate, CO

-j

Polyatomic metals, on the other hand, often give rise to salts

which contain two acid radicals: thus, Sr -

QC H O'
a comPound

which is at the same time a nitrate and an acetate ; as another
f

|

example the mineral vanadinite may be cited, VO -| f

( OCaCl'
which is a calcium salt of tribasic vanadic acid and at the

same time a chloride.

25 (2) Acid salts are formed when only a portion of the replace-
able hydrogen contained in a polybasic acid is substituted by a

metal. The acid salts often possess an acid reaction, as is the

case with the acid potassium sulphate, S02
4 ~, but this reaction

is dependent on the nature of the acid and the base. Thus,

hydrogen potassium carbonate, CO 4
Q^-,

has a neutral reaction;

(ONacommon or rhombic sodium phosphate, PO J OISTa, possesses
(OH

a slightly alkaline reaction, whilst the dihydrogen sodium

phosphate, PO \ OH , is slightly acid.

(OH
(3) A third class of salts is formed by the union of a normal
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salt with an acid-forming oxide, or when an acid salt is heated so

as to expel water. These salts are also often termed acid salts,

although they do not contain hydrogen which can be replaced

by a metal. To this class of salts belongs potassium disulphate
or pyrosulphate. K 2S2 7

. This salt is obtained by the combin-

ation of sulphur trioxide with the normal sulphate, or by heating
the acid potassium sulphate :

Sf) J OK sf)
( OK

<->,
<

r TT bUj 4

O + H0.

Potassium dichromate (bichromate of potash), K
2
Cr

7 ,
and

sodium pyrophosphate, Na
4
P2 7 , possess a strictly analogous

composition, the latter salt being obtained by heating the

mono-hydrogen phosphate to redness :

PO^ONa f
Na

lOH
P0

1
ONa

1 O + H80.

(OH po j

POJONa j

ONa
ONa

Other phosphates of more complicated composition as well as

many borates, such as borax, Na2B4 7 , belong to this class;

thus the salt Na6
B4 9 ; lagonite, Fe

2
B

6
O

12 ;
and boromagnesite,

Supposing the above represent the true molecular formulae of

these compounds, which ia at best doubtful, their constitution

may be represented by the following graphical formulae :

Na
2
B

4 7
.

Na_ -

53
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Fe
2
B6 12

-

X \ / \
B Fe Fe0 B

o' </
N
o

\ / N
B

\ / \ /
B B
\ /

Mg5
B

4
Ou .

O

V\ o
A

o o
/N

o c/V
\/ V \/
Mg Mg Mg

The class of silicates, which as a rule have a complicated con-

stitution, may also be represented in a similar way ;
the following

examples may be taken as illustrations of this class :

Petalite. Serpentine.

= Si-0-Si = Si Si

i i /\\ /\\
O O 000000II \l \/ I/
"Na Li Mg Mg Mg

Of course the atoms may be represented as grouped in different

ways; the above formulae are only intended to point out how
the atoms of triad boron and tetrad silicon may be held

together in a compound.

(4) Basic salts are formed by the combination of a normal salt

with an hydroxide. Thus, if a solution of lead nitrate be boiled

with lead hydroxide, a basic lead nitrate is formed :

ph (ON02 pl
f OH prJOHb

1 ON02
+ Pb

I OH
b
| ONO,

In the same way basic zinc chloride, Zn !

QJT, may be obtained.

Basic bismuth nitrate, on the other hand, is obtained by the

action of water on the normal salt :

COH
Bi-{ ONO; + 2H

2
= Bi^ OH + 2N02OH.

(ON02
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Amongst other basic salts may be mentioned :

Malachite. Blue Carbonate of Copper. White Lead.

co (OCuOH co f OPbOH

C0
{ OCuOII nn ( f

Cu
nn | j

Pb
U
toCuOH

U
(
OPbOH.

All these basic salts may be considered to be both salts and basic

hydroxides. But we are acquainted with certain salts which do

not contain any hydrogen ; thus, for instance, basic mercuric

sulphate, Hg3S06
= HgS04 + 2HgO. The constitution of this

compound may be represented as follows

SOLUBILITY OF SALTS.

26 Many salts dissolve in water. Some are very soluble, others

are less so. The following table serves to illustrate the variation

in the solubility of different salts.

100 parts of water at 15 dissolve

Parts.

Calcium chloride, CaCl
2 400

Potassium carbonate, K2C03
. . . .110-5

Sodium chloride, NaCl 36'9

Potassium nitrate, KN"O8 26*0

Potassium sulphate, K2
S0

4 .... 10'2

Potassium perchlorate, KC104 ... To
Calcium sulphate, CaS04

0-236

Strontium sulphate, SrSO
4
.... 0-0001

Lead sulphate, PbS04 ...... 0-00007.

The following salts are insoluble in water: barium sulphate;

silver chloride
;
most of the silicates, &c.

A reduction of temperature generally occurs when a salt is

dissolved in water, inasmuch as heat is absorbed by the passage

from the solid to the liquid condition. On the other hand, certain

anhydrous salts evolve heat on solution, because they combine

with water to form hydrates, and because the amount of heat

given out in this act of chemical combination is greater than

that absorbed by the liquefaction of the salt.

Salts are as a rule more soluble in hot than in cold water, and
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for this reason a portion of the salt is deposited in the form of

crystals when the hot saturated solution is allowed to cool. In

some instances the solubility increases at a rate proportional to

the temperature. This is clearly seen in the case of potassium

chloride, the solubility of which in 100 parts of water is shown

by the following table :

Parts. Difference.

At 10 32
^

20 347 4
30 374

' '

40 401 ;
'

50 42-8

100 56-6

Generally, however, the solubility increases more rapidly than

the temperature. For instance, 100 parts of water dissolve the

following quantities of nitre :

Parts. Difference.

At 10" 21-1

2 31 '2
13-3

30 44-5
*

4 64>
22-0

50 8G-0

100 247-0

A saturated saline solution always boils at a temperature above

100. The increment above 300 is, however, not proportional
to the amount of salt dissolved, as is shown by the following

examples :

Boiling 100 parts of water

point. dissolve

Sodium chloride 109 41'8

Potassium nitrate 114 327'4

Potassium iodide 118 223'0

Potassium carbonate 135 205'0

In the case of a salt whose solubility does not increase propor-

tionally with the temperature, the increase may be ascertained

by an interpolation formula similar to those employed in the

calculation of the solubility of gases. The different constants

in the equation have of course to be obtained as the results of

direct experiment. Thus, for nitre, at t, where S represents the

solubility of the nitre, the expression is :

S = 13-32 + 0-5738t + 0'017168t2 + 0'0000035977t3.
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The solubility of salts may also be represented graphically, as

is seen in Fig. 1. The abscissae give the temperatures, and the

ordinates indicate the amount of salt which dissolves at this

temperature in 100 parts of water.

FIG. 1.

If the solubility of a salt increases proportionally to the

temperature, as is the case with potassium chloride, the curve of

solubility becomes a straight line, whilst in cases where this
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proportion does not exist, the lines of solubility are more or less

curved.

The most remarkable case of solubility is that of sodium

sulphate, or Glauber's salts. The curve of solubility of this

salt rises rapidly from to 33, but from this point the solubility

again diminishes, and at higher temperatures is seen to be still

less. This depends upon the fact that when this salt is dissolved,

the hydrate Na2
S0

4 + 10H
2

exists in solution, and, either alone

or in solution, it undergoes a decomposition at a temperature of

33 into water and the anhydrous salt. The latter differs from

most salts, inasmuch as it is more soluble at low than at high

temperatures. Similar phenomena are observed in the case of

other salts, such as sodium carbonate, which is most soluble in

water at 36. A singular instance of abnormal solubility is

found in the case of calcium sulphate. This dissolves more

readily in cold than in hot water, and is quite insoluble in water

at 120. Other calcium salts, especially those of organic acids,

exhibit the same property of being much more soluble in cold

than in hot water.

In the case of many salts, especially of those which contain

water of crystallization, such as sulphate, carbonate, and acetate

of sodium, the remarkable fact is observed that when the

saturated solution is allowed to cool quietly in closed vessels, no

crystals separate out, the liquid remaining perfectly transparent.

Such a solution is said to be supersaturated. It contains an

excess of salt in solution, and this, when the liquid is allowed

to remain undisturbed, and is not cooled down to too low a tem-

perature, does not deposit in the form of crystals. If, however,
the solution be shaken or stirred, or if a crystal of the salt be

thrown into the liquid, or even if atmospheric dust come in

contact with it, crystals at once begin to form and in a few

moments the whole mass becomes solid, a considerable elevation

of temperature accompanying this solidification. Sodium acetate

is a salt which is well adapted to show the phenomenon of

supersaturation in a striking manner. For this purpose the

crystallized salt is gently warmed in a flask with a small

quantity of water until all is dissolved, care being taken not to

allow any of the crystals to remain attached to the glass above

the solution. The neck of the flask is then closed with a plug
of cotton-wool and the whole allowed gradually to cool. If the

smallest crystal of sodium acetate be thrown into the liquid
when cold, a crystallization at once commences round the small
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particle, and in a few seconds the whole has assumed the solid

form. This singular crystallization appears to be brought about

only when the solution cornes in contact with a solid or pro-

bably with a crystalline body, or when the solution is cooled

down to a low temperature. Thus, for instance, air which
has been rendered free from dust by means of sulphuric acid

does not bring about crystallization, and the solution may even
be stirred with a glass rod which has been heated to redness

without bringing about the change (Lowel). According to

Violette and Gernez this crystallization is only effected by the

presence of a crystal of the same substance as that in solution,

and which, therefore, possesses the same crystalline form and

contains the same amount of water of crystallization. Gernez

has also shown that microscopic crystals of sodium sulphate
are always present in the air. Jeannel, on the other hand, found

that when a saturated solution of sodium acetate is brought into

contact with any solid body such as paper, and when a similar

solution of sodium tartrate is stirred with a dry clean glass rod,

crystallization occurs. Hence he assumes that saturated solu-

tions when heated, form peculiar hydrates, and that these remain

unaltered when the temperature is lowered, but that vibration

or the presence of a crystal of the salt is sufficient to bring
about their decomposition.
When two salts which do not act chemically upon one another

are dissolved in water, the quantity of each which is dissolved

is as a rule less than if they were dissolved separately. Thus, for

instance, if a concentrated solution of common salt, NaCl, be

shaken up with solid sal-ammoniac, NH4C1, a large proportion

of the latter salt dissolves whilst crystals of common salt

separate out, whereas if common salt be added to a concentrated

solution of sal-ammoniac a portion of the latter salt separates

out. Some few salts dissolve in equal quantity in water whether

alone or in combination with another salt, but in the latter case

less of the second salt is dissolved thnn would be dissolved in

pure water. The relative quantity depends upon whether the

two salts are shaken up together with water, or whether the one

is dissolved in a saturated solution of the other, or vice versd.

Thus, at 187, 100 parts of water dissolved the following quan-
tities of sal-ammoniac and saltpetre :

l

1
Karsten, Philosophic dcr Chimic.
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Saltpetre in Sal- Sal-ammoniac in Both salts dissolved

ammoniac solution. Saltpetre solution. together

NH
4
C1.' . . 37-98 . . . 44-33 . . . 39'84

KN03 . . . 37-68 . . . 30-56 . . . 38-62

Many salts, both among those which are soluble and those which

are insoluble in water, are found to dissolve in alcohol, whereas

other salts which are easily soluble in water are difficultly sglubie

or insoluble in alcohol. For this reason the latter are separated

out in the form of finely divided crystals when alcohol is added

to their aqueous solution. This property is frequently employed
in quantitative analysis, and was first proposed for this purpose

by Bergman in the year 1778.

GENERIC PEOPEETIES OF SALTS.

The generic properties of salts and their modes of prepa-
ration have been mentioned in the first volume under the several

acids. The most important of these properties may now be

recapitulated.

Chlorides. The greater number of the chlorides are solid

bodies: .a few, such as stannic chloride, SnCl
4 ,

and titanium

chloride, TiCl 4 ,
are liquids. Some of the solid chlorides melt at

a comparatively low temperature, and, like mercuric chloride,

HgClg, and antimony chloride, SbCl
3, are easily volatilized. The

majority however can only be vaporized at a red heat or at a

stjjl higher temperature. Some, such as gold trichloride, AuCl3,

and platinum tetrachloride, PtCl
4, decompose into their

elementary constituents when heated. The chlorides which are

insoluble in water are silver chloride, AgCl, mercurous chloride,

HgCi, cuprous chloride, Cu 2
Cl

2 , platinum dichloride, PtCl
2<
and

palladium dichloride, PdCl.2 . Lead chloride and thallium chloride

are difficultly soluble in cold water, although they dissolve readily
in hot. All the soluble chlorides produce with silver nitrate

solution a curdy white precipitate of silver chloride which is

easily soluble in ammonia and is re-precipitated from this

ammoniacal solution by nitric acid. When treated with concen-
trated sulphuric acid the chlorides yield hydrochloric acid

;
a

few of the insoluble chlorides are, however, scarcely acted upon
by this substance.

Bromides. The metallic bromides resemble most closely the

corresponding chlorides. Silver bromide is however less soluble
in ammonia than silver chloride. The bromides when treated
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with concentrated sulphuric acid are decomposed with evolution

of hydrobromic acid, free bromine, and sulphur dioxide. Free

chlorine liberates bromine from a solution of a bromide.

Iodides. This group of salts possesses great analogy with

the corresponding chlorides and bromides. It is distinguished
from them by the fact that silver iodide is insoluble in ammonia,
and that concentrated sulphuric acid decomposes the iodides

with liberation of iodine and sulphur dioxide. Mercuric iodide

is an insoluble scarlet powder, whilst lead iodide forms a yellow

precipitate. This latter dissolves in large quantities of boiling

water, and is again deposited on cooling in bright golden flakes.

The soluble iodides are decomposed by chlorine, bromine, and

nitrous acid, with liberation of iodine.

27 Cyanides. These compounds are classed with the foregoing,

as they resemble them very closely in their properties, and not

imfrequently occur together with them. The cyanides of the

alkali metals, those of the alkaline earths, and mercuric cyanide,

are soluble in water. The other metallic cyanides are insoluble

in water, but dissolve in cyanide of potassium with formation of

double cyanides. Most cyanides are decomposed by dilute acids

with evolution of hydrocyanic acid, whilst all the soluble simple

cyanides yield with silver nitrate a curdy precipitate of silver

cyanide, AgCN, which is easily soluble in ammonia. This salt

is distinguished from silver chloride, inasmuch as when wanned

with hydrochloric acid, hydrocyanic acid is given off, and when

heated it is decomposed, leaving a residue of metallic silver

Fluorides. The metallic fluorides are distinguished by many
reactions from the foregoing compounds. The fluorides of silver

and tin are easily soluble in water, those of the alkali metals

and of iron difficultly soluble, and the other fluorides insoluble

in water. Concentrated sulphuric acid decomposes these salts,

hydrofluoric acid being evolved, and the presence of which can

be readily recognised by its power of etching upon glass. The

fluorides of the negative or acid-forming elements possess the

very remarkable power of acting towards the fluorides of the

positive elements as acids, thus giving rise to a series of peculiar

salts known as the double fluorides
;
thus :

Potassium hydrofluoride KF + HF = KHF2.

Potassium borofluoride KF + BF
3
= KBF

4 .

Potassium silicofluoride 2KF + SiF
4
= K

2
SiF .

Potassium tantalofluoride 2KF -j- TaF5
= K

2
TaF

7
.
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HypoMoritcs. The salts of hypochlorous acid are almost

unknown in the free state, as they occur mixed with chlorides.

Their solutions bleach organic colouring matters slowly, but on

the addition of hydrochloric acid the bleaching is rapidly

effected, inasmuch as chlorine is set at liberty ;
thus :

NaCl + NaOCl -f 2HC1 = C12 + 2XaCl + H2O

This reaction serves to detect the presence of these bodies.

Chlorates. All the chlorates are soluble in water. The most

important of these salts is potassium chlorate, and this is one of

the least soluble. When a solid chlorate is acted upon by strong

sulphuric acid a yellow explosive gas, C10
2 , is given off, and a

peculiar odour, which at the same time resembles that of chlo-

rine and that of burnt sugar. A few drops of indigo solution

added together with dilute sulphuric acid to the solution of a

chlorate are not decolourized, but if sulphurous acid or sodium

sulphite is gradually added the blue colour is discharged ;
this

is due to the formation of hypochlorous acid, thus :

HC10
3 + 2H

2
S03

= HC10 + 2H
2
S0

4
.

Perchlorates. These salts are also all soluble in water, and

the least soluble is the potassium -salt. On the addition of

sulphuric acid no explosive or strongly smelling gas is evolved
;

their acid solution does not bleach indigo even on the addition

of a sulphite.

The salts of these oxyacids of chlorine all yield oxygen on

heating and leave a residue of a chloride.

28 Sulphates. The sulphates as a rule are soluble in water and

crystallizable. Barium sulphate is insoluble in water
;
the sul-

phates of strontium and lead are almost insoluble in water, whilst

calcium sulphate requires 500 parts, and silver sulphate 200

parts of water for solution. The metals of the alkalis form

normal and acid sulphates, the metals of the alkaline earths

and magnesium yield only normal sulphates, whilst many
other metals form soluble normal salts as well as more or

less insoluble basic sulphates. Many sulphates possess
the property of forming crystallizable double salts. This is

especially the case with the sulphates of the isomorphous
metals of the magnesium group, which yield compounds
with the sulphates of the alkali metals having the general

formula MS0
4 + M2

S0
4 + 6H

2
0.
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MgS04+K S0
4 4-6H2

CdS0
4 + (NH4) 2

S0
4 -f-6H2

CuS0
4 + K2S04 + 6H

2

FeS0
4 + (NH4)2S04 + 6H2

O

Another important group of the double sulphates is that of

the alums, which have the general formula M
2(S0 4)3 + M,S04 +

24H
2
0.

AUCSOJg + K 2
SO

4 + 24H
2

Fe
2(S04)3 + (NH4)2S04 + 24H

2
O

Cr
2(S04)3 + K 2

S0
4 +24H 2

A1
2(S04)3 + Na

2
S0

4 + 24H9

A1
2(S04)3 + AgoS04 + 24H

2

The most delicate reagent for the detection of sulphuric acid

and its soluble salts is a solution of barium chloride, which, even

in the most dilute solutions, throws down a white precipitate of

barium- sulphate insoluble in dilute hydrochloric acid.
'

Hydro-
fluosilicic acid and selenic acid are also precipitated by barium

chloride in presence of free hydrochloric acid, but these precipi-

tates can be readily distinguished. Barium sulphate when heated

before the blowpipe on charcoal with sodium carbonate yields

sodium sulphide, which, brought on a clean silver surface in

contact with a drop of dilute acid, produces a brown stain of

silver sulphide. Barium selenate indeed yields a similar re-^

action, but if this salt be boiled with concentrated hydrochloric

acid, chlorine is evolved, and sulphurous oxide passed into the

solution yields a red precipitate of selenium. Barium silico-

fiuoride is not precipitated in very dilute solutions, and does not

yield a black stain with silver when treated as above described.

Sulphites. The normal and acid sulphites of the alkali metals

are soluble in water. The other normal salts are very diffi-

cultly soluble or almost insoluble, but most of them dissolve in

a solution of sulphurous acid. Lead sulphite, PbS0
3 , is in-

soluble in water, but very slightly soluble in sulphurous aoid.

When a sulphite is treated with sulphuric acid or hydrochloric

acid it is decomposed with formation of sulphurous acid or

sulphur dioxide, and this may be readily detected by its pungent
odour. When a sulphite is warmed with dilute hydrochloric

acid and zinc, sulphuretted hydrogen is evolved, and in this

way minute quantities of a sulphite may readily be detected.
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Chlorine, nitric acid, and other oxidizing agents convert the

sulphites into the corresponding sulphates.

Thiosulphates. The soluble thiosulphates may be readily

detected by the fact that the solution when acidified with

hydrochloric acid remains transparent and odourless, but sooner

or later, according to the degree of concentration, becomes milky,

owing to the deposition of sulphur, and gives off a smell of

sulphur dioxide. If silver nitrate be added to a solution of a

thiosulphate, a white precipitate of silver thiosulphate, Ag.2S2 3 ,

is first formed, and this dissolves again until an excess of silver

nitrate is added. After a short time, however, and especially on

warming, the solution becomes of a black colour from the forma-

tion of silver sulphide, Ag2
S

;
thus :

29 Nitrates. The normal nitrates are all soluble in water, and

are as a rule crystallizable. If the solution is not too dilute it yields

on treatment with sulphuric acid and metallic copper, brown-red

vapours. The detection of nitric acid or a nitrate in still more

dilute solution is effected by the reaction with ferrous sulphate

or by that of aniline or brucine. (See par. 229, Vol. I.) The

nitrates are all decomposed on ignition, those of the alkali metals

and silver yield oxygen and a nitrite
;
other nitrates, such as

lead nitrate, yield a metallic oxide and nitrogen peroxide.

Nitrites. These salts may easily be distinguished from the

nitrates by the fact that on the addition of a stronger acid,

brown-red vapours are evolved, whilst their aqueous solution

gives a brown-black colouration on the addition of protosul-

phate of iron and acetic acid. (See par. 241, Vol. I.)

Phosphates. The commonly occurring phosphates are the

salts of orthophosphoric acid. The normal orthophosphates of

the alkali metals are, with the exception of the lithium salt,

easily soluble in water
;
the remaining orthophosphates are in-

soluble. The constitution of the phosphates and their most

important reactions have been fully described in Vol. I. pars.

295302.
Arsenates. These salts are isomorphous with the correspond-

ing phosphates. These two classes of salts exhibit in their

general character the strongest possible similarity. As a distin-

guishing test between the two series, the reaction with silver

nitrate may be mentioned. With an orthophosphate this pro-
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duces a light canary yellow precipitate, whilst the arsenate of

silver forms a brownish-red coloured precipitate. The acidified

solution of a phosphate is not altered by sulphuretted hydrogen,
whereas that of an arsenate gradually becomes of a yellow colour

from the separation of the yellow arsenic trisulphide. An
arsenate, moreover, when heated before the blowpipe on charcoal,

yields the well-known alliaceous odour of arsenic, no such smell

being observed in the case of a phosphate.
The generic properties of the arsenites, borates, silicates,

carbonates, &c., will be found in Volume I.

SULPHIDES AND SULPHO-SAI.TS.

33 The compounds of the metals with sulphur correspond

generally with the oxides and they may be classed as I. Basic

Sulphides; II. Persulphides ;
III. Acid-forming sulphides. The

basic sulphides of the alkali metals and some of those of the

alkaline-earth metals are soluble in water, form soluble hydro-

sulphides, possess an alkaline reaction, and combine with

acid-forming sulphides to form Sulpho-salts, some of which are

soluble and others insoluble in water, and possess an analogous

composition to the corresponding oxygen salts.

Oxygen-Salts.

Potassium carbonate, K 2
C03

Sodium pyrophosphate, Na4
P
2 7

Potassium metarsenate, KAs03

Potassium orthoarsenate, K3As04

Sulpho-Salts.

Potassium thiocarbonate, K 2
CS3

Sodium pyrothiophosphate, Na4
P

2
S
7

Potassium metathioarsenate, KAsS3

Potassium orthothioarsenate, K 3
AsS

4
.

Selenium and tellurium form similar compounds. The more

important compounds of the metals with the other non-metallic

elements will be mentioned hereafter.
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Potassium. Eubidium.

Sodium. Caesium.

Lithium.

31 The word alkali was used by Geber as the name for a

soluble salt obtained by the lixiviation of the ashes of sea-plants.

We also find the same word employed to designate the car-

bonate of potash obtained by a similar treatment of the ashes

of land-plants. The difference between the alkalis, potash and

soda, was at that time not understood, and in order to dis-

tinguish them from the carbonate of ammonia, the volatile

alkali, they were both termed the fixed alkali. The distinction

between the mild and caustic alkalis had long been known,
and the mode of converting the former into the latter by boiling

their solutions with lime was a well-recognised process. In the

Historical Introduction (see Vol. I. p. 15) we have seen that

Black, in the year 1756, was the first to explain this change,
as he proved that the mild alkalis contained fixed air or carbon

dioxide.

The first clear distinction between the two alkalis, potash
and soda, appears to have been made by Duhamel in the year

1736, although Stahl pointed out that the alkali contained in

common salt is different from that contained in wood-ashes, and

this difference was indicated by the first being termed the

mineral, and the second the vegetable alkali. Marggraf showed
in 1759 that the salts of the two alkalis possess totally distinct

properties, and that whilst those of the common alkali tinge the

flame of a spirit-lamp violet, those containing the base of com-
mon salt impart to flame a yellow colour. It was, however, soon

afterwards pointed out by Klaproth that the vegetable alkali

potash was contained in several minerals, such as leucite, and
then the special name potash in English, potasse in French, and
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kali in German, was given to this particular alkali. Klaproth
suggested for the mineral-alkali the name natron, the English
equivalent for which is soda, and the French soude. All these
names had formerly been used indiscriminately for any alkali.

Up to the year 1807 the alkalis were considered to be simple
substances. Lavoisier had indeed expressed a view that these
bodies probably contained oxygen, owing to their analogy with
other well-known metallic oxides, but Davy was the first to

isolate the metals.

POTASSIUM.
K = 39-04.

32 The discovery of this metal is described as follows by Davy.
1

" A small piece of pure potash which had been exposed for a -few

seconds to the atmosphere, so as to give conducting power to

the surface, was placed upon an insulated disc of platina,

connected with the negative side of the battery of the power of

250 of 6 and 4, in a state of intense activity ;
and a platina wire,

communicating with the positive side, was brought in contact

with the upper surface of the alkali. The whole apparatus was
in the open atmosphere.

" Under these circumstances a vivid action was soon observed

to take place. The potash began to fuse at both its points of

electrization. There was a violent effervescence at the upper
surface

;
at the lower, or negative surface, there was no liberation

of elastic fluid, but small globules having a high metallic lustre,

and being precisely similar in visible characters to quicksilver,

appeared, some of which burnt with explosion and bright flame,

as soon as they were formed, and others remained, and were

merely tarnished, and finally covered by a white film which

formed on their surfaces. These globules, numerous experiments

soon showed to be the substance I was in search of, and a peculiar

inflammable principle the basis of potash. I found that the

platina was in no way connected with the result, except as the

medium for exhibiting the electrical powers of decomposition,

and a substance of the same kind was produced when pieces of

copper, silver, gold, plumbago, or even charcoal were employed
for completing the circuit.

" The phenomenon was independent of the presence of air.

1 Phil. Trans. 1808.
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I found that it took place when the alkali was in the vacuum
of an exhausted receiver."

To this metal Davy gave the name of potassium. Soon after

Davy's discovery, Gay-Lussac and Thenard l showed that the metal

might be obtained in greater quantity by decomposing potash by
means of metallic iron at a white heat. For this purpose iron turn-

ings or wire were heated to whiteness in a gun-barrel covered with

clay, and melted potash allowed to pass slowly over the ignited

iron. The iron took up the oxygen of the hydrate, whilst potas-

sium and hydrogen were set free. The potassium passed over in

the state of vapour, and was condensed in a copper vessel con-

taining naphtha. A still better method is that suggested by

Curadau;
2

it consists in the decomposition of the potash by
means of charcoal at a white heat.

Davy's discovery of the compound nature of the alkalis

attracted universal attention, and chemists throughout Europe
were occupied with a repetition of his experiments, and an

examination of the remarkable properties of the singular metals

which can thus be obtained. So singular indeed are these

properties, that many chemists denied to these substances the

name of metal, and by some they were considered to be com-

pounds of hydrogen, this view being apparently borne out by
the evolution of hydrogen when these metals are thrown into

water. A more accurate examination, however, of the pro-

perties of these substances proved them to be of a truly

metallic nature.

Sources of Potassium. Potassium is found in nature, in a state

of combination, widely distributed. It occurs as a constituent

of many silicates, forming from 17 to 31 per cent, of the

granite composing the earth's solid crust. Amongst the silicates

which contain potash as an essential constituent, may be

mentioned potash-felspar, or orthoclase, leucite, and analcime.

Pure chloride of potassium or silvine, KG I, is found in consider-

able deposits, together with carnallite, KC1 + MgCl2 4- 6H
20, in

the neighbourhood of Stassfurt in Germany. This same salt and
other potash compounds occur in small quantity in the water of

the ocean, and in that of many lakes such as the Dead Sea, as

well as in mineral waters and in ordinary spring water. Chloride

of potassium is also found in cubic crystals surrounding the

fumeroles of Vesuvius. All fruitful soil contains potassium

compounds. These are taken up by the rootlets of the plant,
1

-47i7t. de Chim. Ixv. 325. 2 Ann. de Chim. Ixvi. 97.
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as no vegetable growth can flourish without this substance.

It has been shown by Way, that soil possesses the power of

absorbing potash salts, whilst soda salts pass through it unab-

sorbed. The form in which the potash is contained in most

soil is that of a salt of an, organic acid
;
this becomes converted

into carbonate by ignition. Potash is the essential alkali con-

tained in the animal body, the soda salts being rapidly eliminated

(Liebig).

The potash which sheep draw from the land is excreted in

large quantity from the skin in the sweat, termed by the French

suint. No less than one-third of the weight of raw merino

wool consists of this material.

33 Preparation of Metallic Potassium. The method first pro-

posed by Curadau, and brought into a practical form by Brunner,

has been much improved by Wohler, and especially by Donny
and Mareska. 1 This process depends upon the fact that at a

white heat carbon reduces carbonate of potassium, as follows :

An intimate mixture of charcoal and potassium carbonate is

obtained by igniting crude tartar (acid potassium tartrate) in a

covered iron crucible
;
the porous mass is rapidly cooled by

dipping the crucible into cold water, and the charred mass

introduced into an iron bottle. It has been usual to place the

mixture in a wrought iron mercury-bottle, connected with a

copper receiver by a short iron tube, as shown in Fig. 2.

Recently, malleable iron tubes coated with clay have been

preferably employed as retorts. In the preparation of the metal

potassium, according to Bruuner's original method, serious explo-

sions sometimes occurred, owing to the fact that at a very high

temperature the metallic potassium unites with the carbon

monoxide generated at the same time, to form a peculiar black

compound, K6
C6
O6 ,

which is excessively explosive. By rapidly

cooling the vapour of the potassium as it is produced, the form-

ation of this compound may be prevented. This rapid cooling

of the vapour is effected by using the condenser, first suggested

by Mareska and Donny, shown in Fig. 3. It consists of two

pieces of cast-iron d s, which can be clamped together so as to

form a shallow box about a quarter of an inch deep, ten to twelve

inches long, and four to five inches in width. The socket at

the one end fits on to the short tube placed in the neck of the

Ann. Chem. Phys. [3], xxxv. 147.

54
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bottle, or at the closed end of the retort, whilst the open end

permits a free passage to the gases or vapours given off in the

reaction. The object of this flattened condenser is to ensure the

rapid cooling of the vapour of the metal, and thus prevent the

formation of the explosive compound with carbon monoxide.

The above-mentioned reduction only takes place at a white heat,

and hence it is necessary to prevent the oxidation of the iron of

the retort by covering it with a coating of fire-clay. As soon

as this temperature is reached the vapour of the metal begins

to appear at the open end of the tube. The receiver is then

FIG. 2.

adjusted to the end of the tube as shown in Fig. 4, and the metal

begins to condense and drops out in the liquid state into a vessel

filled with rock-oil placed beneath the receiver, which does not

require to be artificially cooled. Should any deposit or ob-

struction occur in the tube, this must at once be removed by a

red-hot rod thrust into it. It is found in practice that about

half the theoretical quantity of metal is obtained.

Potassium can be prepared on the small scale by the electro-

lysis of potassium cyanide. This salt is melted and then allowed

to cool, so that a solid crust is formed
;
a current from three or
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four Bunsen's elements is then allowed to pass through the

molten salt from poles made of gas carbon. 1

A better method of obtaining potassium by electrolysis is that

proposed by Matthiessen. 1 For this purpose a mixture of potas-
sium chloride and calcium chloride in equal molecular proportions,

which melts at a much lower temperature than the potassium
chloride alone, is fused in a small porcelain crucible over a lamp,
two carbon poles connected with six to eight Bunsen's elements

being dipped into the fused salt. The flame of the lamp is then

so adjusted that the portion of salt around the negative pole
becomes solid, whilst around the positive pole the mixture is

liquid, thus allowing the free escape of the chlorine. After the

;7 7~

FIG. 3. FIG. 4.

current has passed through for about twenty minutes in this way
the crucible is allowed to cool, and opened under rock oil, when
a considerable quantity of pure potassium is found around the

negative pole, no calcium being deposited.

34 Properties. Potassium is a silvery white lustrous metal

having a specific gravity of 0'875 at 13 (Baumhauer),
3 and

it is therefore lighter than all other metals, with the single ex-

ception of lithium. It is brittle at and possesses a crystalline

fracture
;
at 15 it becomes soft, like wax, and may be easily cut

with a knife, and the two clean surfaces of the metal may be

1
Linnemann, Journ. Pract. Chen. Ixxiii. 413.

a Chem. Soc. Journ. viii. 30. 3 Ber. Deutsch. Chcm. Gcs. vi. 655.
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welded together like red-hot iron. It melts at 62'5 (Bunsen),

forming a liquid closely resembling mercury in its appearance.
Potassium may be easily obtained in the crystalline form. For

this purpose some of the metal is melted in a glass tube filled

with coal-gas; as soon as the mass begins to solidify the tube is

quickly turned round and the portion of metal still remaining

liquid is poured off from the crystals; these form quadratic

octahedra having a greenish-blue colour.1 Potassium dissolves

in liquid ammonia, yielding a deep blue solution, and if the

ammonia be allowed to evaporate, metallic potassium separates

out unchanged.
2

Potassium boils at 719 731 ,

3
emitting a beautiful green-

coloured vapour exhibiting a characteristic channelled -
space

absorption-spectrum (Roscoe and Schuster). The specific

gravity cannot be determined, as the vapour attacks glass and

porcelain, and forms an alloy with iron, silver, and platinum.
4

The green colour of potassium vapour can be readily shown

by evaporating a small portion of the metal contained in

a wide glass tube three dcm. in length, through which a

current of dry hydrogen gas is passed. On heating the metal,

the tube becomes rilled with splendid green-coloured vapour,

condensing on the cooler parts of the tube in the form of a

bright metallic mirror. When the hydrogen, which issues from

the end of the tube, is lighted the flame is tinged with the

characteristic violet colour of potassium. Next to caesium and

rubidium, potassium is the most electro-positive metal. In per-

fectly dry and pure air it does not undergo any change, but in

ordinary air the clean surface of the metal soon becomes con-

verted into caustic potash and potassium carbonate. The
oxidation of a newly-cut surface of potassium is attended in

the dark with luminosity (Baumhauer). Oxidation takes place
so quickly when the metal is exposed to the air in thin layers,

that sometimes ignition occurs, and the metal burns with its

characteristic violet flame. When heated in the air to its point
of volatilization, it at once bursts into flame.

When thrown upon water potassium decomposes the water

with great violence, sufficient heat being generated to ignite the

hydrogen which is evolved, and which burns with the violet

potassium flame. The molten globule swims about on the sur-

1 C. E. Loug, Chcm, Soc. Journ. xiii. 122. -
Seeley, CJiem. News, xxiii. 16!).

3
r.ariH'lley and Williams.

4 V. Meyer, cr. Deutxck. Chcm. Gcs. xiii. 331.
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face of the water, becoming gradually smaller, and leaving at last

a globule of fused potash, which, causes an explosive burst as

soon as its temperature sinks low enough to allow it to come

actually. in contact with the water. This phenonenon may be

illustrated on a larger scale by the following experiment. A
piece of silver weighing 150 grams, and fastened to a copper

wire, is heated to bright redness in a gas flame and then quickly

dipped into a large beaker-glass full of cold water. The metal

remains quietly in the water for some seconds, and then a violent

explosion occurs, the water is thrown about in all directions, and

not unfrequently the beaker-glass is broken. The explanation
of the phenomenon is the same as of that of a drop of water float-

ing on a red-hot surface
;
there is no real contact between the

hot metal and the water, a film of steam existing between them.

But as soon as the temperature of the metal sinks below a

certain point the water is brought into actual contact with it,

a sudden evolution of steam takes place, and an explosion is the

result.

Potassium acts as a powerful reducing agent, and hence it has

T)een largely employed for the preparation of such substances as

boron and silicon from their oxides, and magnesium, aluminium,

and other metals from their chlorides. The cheaper metal,

sodium, is now, however, generally used for this purpose.

Potassium also decomposes nearly all gases which contain

oxygen, and hence it is used in some cases to ascertain the

composition of gases.

POTASSIUM AND HYDROGEN.

POTASSIUM HYDEOGENIDE, K4
H 2.

35 Potassium, when heated to incipient redness in pure hydro-

gen gas, absorbs about one-fourth of the volume it would have

evolved in contact with water (Gay-Lussac and Thenard). A

grey powder, possessing no metallic lustre and not melting below

a red heat, is thus produced. This compound, in which the

hydrogen is contained in the form of hydrogenium (Vol. I. par.

39), has been recently examined by Troost and Hautefeuille. 1

They found that potassium when heated to 200 slowly absorbs

* Ann. Chim, Pf.ys. [5], ii. 273.
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126 volumes of hydrogen gas, whilst at 300-400 this absorption

takes place very rapidly. A lustrous brittle crystalline com-

pound is thus formed which take fire on exposure to the air.

POTASSIUM AND OXYGEN.

This metal forms two oxides :

Potassium monoxide, K 2
O

Potassium peroxide, K 2 4
.

36 The first is a powerfully basic oxide, whilst the second

belongs to the class of peroxides. In addition to these, a lower

oxide appears to exist. This forms the blue substance obtained

on exposing thin layers of potassium to the action of a small

quantity of air. The same blue crust is also seen when the

bright metallic mirror described on page 60 is allowed to come

in contact with the air, this in its turn slowly giving place to

a film of the white oxide as the oxidation proceeds.

POTASSIUM MONOXIDE, K
2
0.

"When potassium is heated in dry air it takes fire and burns

with formation of the two oxides. This mixture when strongly

heated evolves oxygen, leaving a residue of the monoxide (Davy).
The same oxide is formed when caustic potash is heated with

potassium :

= 2K0 + H.

Neither of these processes, however, yields a pure compound.
For this purpose potassium is melted, and, without further heat-

ing, the requisite volume of pure dry air is led over it. The

potassium separates out into a thin film which takes fire and

burns, forming a white fume of the monoxide.1

Potassium monoxide is a grey brittle mass, having a con-

choidal fracture
;
it is very deliquescent and caustic

;
it combines

energetically with water, becoming even red-hot when moistened
with it, potassium hydroxide being formed (Berzelius).

1
Kiihnemann, Chcm. Ccntr. 1863, 491.
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POTASSIUM HYDROXIDE, OR CAUSTIC POTASH, KOH.

This compound, generally known by its old name of caustic

potash, was considered to be an oxide of potassium, but Darcet,
1

in the beginning of 1808, showed that ignited caustic alkali con-

tains some other ingredient in addition to oxygen and the metal.

He believed that this ingredient was in all probability water,

inasmuch as the calculated quantity of alkali contained in the

carbonate neutralises more acid than the same quantity of the

ignited caustic alkali. Prom this time forward caustic potash

was considered to be a compound of potassium oxide and water,

and it was not until a much later period that it was recognised

to be an hydroxide, or a compound which is derived from water

by the replacement of a portion of the hydrogen by a metal.

In order to obtain caustic potash in the perfectly pure state,

the metal or the oxide is best dissolved in water. The substance

is however generally prepared by decomposing a dilute solution

of potassium carbonate with slaked lirne. For this purpose, one

part by weight of potassium carbonate is dissolved in twelve

parts of water, the solution placed in an iron or silver vessel

provided with a lid, heated to the boiling point, and then milk

of lime gradually added until a portion of the filtered liquid

evolves no carbon dioxide when treated with an acid. The

solution is allowed to settle, and the clear liquid drawn off into a

well-stoppered vessel. This is then evaporated in a silver basin

until the hydroxide begins to volatilize. In order to ensure the

complete separation of the carbonic acid from the potash, not

less water than that mentioned must be used, and the water

which evaporates from time to time must be renewed, for

when only four parts of water are present to one part of

potassium carbonate no decomposition takes place. A concen-

trated solution of caustic potash is found to decompose carbonate

of calcium (Liebig). Commercial caustic potash is prepared in

this way. It is usually cast in the form of sticks
;
this contains

more or less water as well as all the impurities which the

carbonate of potash contained, especially alumina, potassium

chloride, potassium sulphate, and potassium silicate.

In order to purify the commercial substance it may be dis-

solved in pure alcohol, the insoluble matters allowred to deposit,

and the clear solution boiled down to dryness in a silver b:isin

1 Ann. Chim. Ixviii. 175.



64 ALKALI METALS.

(Potasse a Yalcool, Berthollet). By this method it may be obtained

free from sulphate and alumina, but it always contains traces of

potassium chloride, potassium carbonate, and potassium acetate,

which latter substance is formed by the action of caustic potash
on alcohol.

Pure caustic potash may also be obtained by adding powdered

sulphate of potash to a hot concentrated solution of barium

hydroxide (baryta-water) until a small quantity of sulphate of

potassium remains in excess
;
this is then removed by a careful

addition of baryta-water. The clear solution poured off from

the insoluble barium sulphate is now evaporated in a silver

basin, any baryta which remains in solution being deposited in

the form of carbonate from contact with the carbonic acid of

the air.
1

Wohler's process for obtaining pure caustic potash consists in

decomposing pure potassium nitrate by metallic copp-jr at a red

heat. For this purpose one part of saltpetre and from two to three

parts of thin copper foil are arranged in alternate thin layers in

a covered copper crucible and exposed for several hours to a red

heat. On cooling, the mass is treated with water, the liquid

allowed to stand in a tall cylindrical stoppered vessel, and the

clear liquid then evaporated as before.2

Properties. Pure caustic potash is a hard white brittle

substance, often exhibiting a fibrous structure, melting below

a red-heat to a clear oily liquid, and volatilizing in the form of

white vapours when more strongly ignited. The vapour of this

substance decomposes, at a white heat, into potassium, hydrogen,
and oxygen ;

this decomposition explains, according to Deville,

the formation of potassium by Gay-Lussac's method. When
caustic potash is heated with silica or boron trioxide, potassium
silicate or potassium borate is formed with the evolution of

water.

Caustic potash rapidly absorbs carbonic acid and moisture from

the air, and dissolves, with evolution of heat, in water. Accord-

ing to Bineau, one part of water dissolves 2'13 parts of caustic

potash. When the concentrated aqueous solution is cooled, the

hydrate KOH + 2H
2
O crystallizes in transparent colourless acute

rhombohedrons.

The aqueous solution of caustic potash, sometimes known as

potash lye, possess an acrid taste and a peculiar nauseous odour
;.

1
Schubert, Journ. Pract. Chem. xxvi. 117.

2 Ann. Chem. Pharm. Ixxxvii. 373.
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it acts as a powerful cautery, quickly destroying both animal and

vegetable substances. For this reason its solution cannot be

filtered except through glass or sand, and it is best clarified by
subsidence. The following table gives the specific gravity at 15

of solutions of potash of varying strength calculated by Gerlach 1

form the experiments of Tiinnermann and Schiff :

Per cent, of Specific Per cent, of Specific
KOH. gravity. KOH. gravity.

1 ... 1-009 40 ... 1-411

5 ... 1-041 45 ... 1-475

10 ... 1-083 50 . . . / 1-539

15 ... 1128 55 ... 1-604

20 ... 1177 60 ... J-667

25 ... 1-230 65 ... 1-729

30 ... 1-288 70 ... 1-790

35 ... 1-349

The liquor potassce of the Pharmacopoeia contains about, 5 per
cent, of the hydrate KOH, and has a specific gravity of 1-058.

Caustic potash is largely used in the form of a lye for absorbing
carbonic acid in both organic and inorganic analysis. The solid

is also largely used as a caustic for surgical purposes. It absorbs

moisture very rapidly from the air, and may, therefore, be

employed for drying certain gases and liquids, especially organic

substances which do not dissolve it and are not acted upon by
it. The chief use, however, of caustic potash is for the manu-

facture of soft soap. The soap-maker formerly prepared his lye

by lixiviation of wood-ashes ;
the solution thus obtained was

causticized by boiling with milk of lime. At the present day
the crude potashes are employed for this purpose.

POTASSIUM PEROXIDE, K 2 4
.

37 This oxide was discovered by Gay-Lussac and Thenard. It

is best obtained by heating potassium in dry air or oxygen. The

metal takes fire at a temperature of from 60 to 80, and when

the surface is kept clean, burns to peroxide. In order to obtain

the oxide in the pure state, clean potassium must be moderately

heated, first in a current of dry air, and then in dry oxygen. If

the metal is at once exposed to oxygen, great heat is evolved and

1 ZtUsch. Anal. Chem. viii. 279.
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the glass is attacked. According to Vernou Harcourt,
1
it is best to

bring clean dry potassium into a flask containing dry nitrogen,

in which it is melted. The nitrogen gas is then gradually dis-

placed by air
;
the grey film which covers the molten metal is

seen to change to a deep blue; then a point is reached at which

the rapid absorption of oxygen begins. Gradually, as the oxi-

dation proceeds, the metallic coating of the inner surface of the

bulb changes to a dead white
; this, however, after a while

assumes a yellow colour, due to the formation of the tetroxide.

Potassium tetroxide is a dark chrome yellow-coloured powder
which fuses at a point higher than caustic potash, forming a

black liquid which, when the temperature falls, forms crystals

with shining tabular faces ;
at a white heat it is decomposed into

potassium monoxide and oxygen. Thrown on to water it dis-

solves with considerable evolution of heat, forming caustic potash,

hydrogen peroxide, and free oxygen. Carbon monoxide acts

upon the peroxide at a temperature somewhat below 100 with

the formation of potassium carbonate, a volume of oxygen

equal to that of the carbon monoxide employed being liberated,

thus :

K
2 4 + CO = ~K

2
C03 + O

2
.

Phosphorus and sulphur act violently upon the peroxide with

formation of phosphate and sulphate of potash. When metals

such as potassium, arsenic, antimony, and zinc are heated with

this compound, they are oxidized with evolution of light and

heat, whilst several metals such as bismuth, lead, iron, and

silver undergo oxidation without the phenomenon of incan-

descence.

POTASSIUM SALTS.

38 Potassium Chloride, KC1, is a substance closely resembling
rock-salt. Indeed, in earlier times no distinction was drawn
between these two compounds. It occurs in sea-water as well
as in that of many mineral springs, and forms the chief portion
of the Stassfurt potash-salt. This salt exists in a bed 20 to 30
meters in thickness, lying above the deposit of rock-salt, and

consisting chiefly of carnaiiite, KC1, MgCl 2 + 6H 20, and kieserite,

MgS04 + H 20, interspersed with layers or veins of tachydrite,
CaCl

2, 2MgCl 2 + 12H20; boracite, 2Mg,B& ]5 + MgCl 2,;

kaimte, K2S04, MgS04 , MgCl 2 + 6H 2 ;
and lastly sylvine, KCL

1
Quart Journ. Chcm. Soc., xiv. 267.
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These two latter appear to be formed by the action of water

upon the preceding compounds. In these minerals a small

quantity of the potassium chloride is replaced by potassium
bromide, and crystals of anhydrite, CaS04 , are found in the

kieserite beds, whilst in the lower portion of the deposit poly-

halite, 2CaS04 , MgS04 ,
K2S04, + 2H

20, occurs. The minerals

composing this bed are all of them very deliquescent, and their

position leads to the inference that the saline deposits at

Stassfurt have been formed by the gradual evaporation of an
inland sea or salt-water lake. This is rendered more probable

by the fact that in the manufacture of sea-salt in the so-called

salterns on the Mediterranean coasts similar salts are deposited
from the mother liquors. In addition to the deposit at Stass-

furt, similar beds have been found at Kulusz, in the East

Carpathians. These potash salts do not occur in the majority
of saliferous beds, arid this is probably due to the fact that the

upper saline strata have in most cases been washed away,
whereas in the Stassfurt deposit they have been protected by a

water-tight stratum of clay. The mode of manufacture of

potassium chloride from these potash salts is identical with that

proposed by Balard1 and Merle2 for the preparation of the

chloride from sea-water, and by Hermann3 for preparing it from

certain mineral springs. These methods depend upon the fact

that carnallite, which is more soluble in water than rock-salt or

kieserite, is only formed in solutions containing an excess of

chloride of magnesium, so that when the salt is dissolved in hot

water and the solution cools, the double salt does not separate

out, but the more soluble magnesium chloride remains in solu-

tion whilst a part of the chloride of potassium crystallizes out.

The crude salt is thrown into- water into which steam is led, and

this solution cooled to 60 70, when a portion of the sodium

chloride, together with a little potassium chloride, separates out
;

the liquors which are then drawn off deposit on standing about

70 per cent, of the potassium chloride. This is treated with a

small quantity of cold water in order to wash out a considerable

quantity of the sodium chloride, and, according to the amount

of wrater thus employed, a residue containing 80 95 per cent,

of potassium chloride is obtained.

A second method depends upon the fact that carnallite is

easily soluble in a hot solution of magnesium chloride, whereas

1 Jahresb. Chem. Technol. 1865, 296. ' Bull. Soc. Chm. [2], x. 63.

3 Journ. Pract. Chem. Ix. 284.
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sodium chloride and magnesium sulphate are only slightly

soluble in this liquid. The liquors drawn off from the latter

salts deposit crystals of carnallite on cooling, which can be sepa-

rated from the mother liquor and then dissolved in hot water
;

on cooling crystals of potassium chloride separate out, which

only need to be washed with cold water in order to bring them

up to 98 99 per cent. The different mother-liquors and wash-

waters are again worked up for the preparation of the other

salts wThich they contain.1

39 In the salines on the west and south coasts of France

the mother-liquors remaining after the common salt has been

deposited, having a specific gravity of 1'22, are preserved in

reservoirs during the summer, when a mixture of magnesium
sulphate and common salt (sel mixte) separates out. The mother

liquor from this is evaporated in flat pans and thus converted

into carnallite, which is worked up as described.

Potassium chloride crystallizes like sodium chloride, in cubes.

It has a cooling saline taste
;

its specific gravity is 1'995
;

it

melts when strongly heated, and readily volatilizes at a strong

red-heat; 100 parts of water dissolve 28'5 parts of potassium
chloride at

,
334 parts at 15, and 59 parts at 100.

When potassium chloride is melted in a current of hydrogen

gas, or when the fused salt is subjected to electrolysis, a dark

blue mass is formed which contains a sub-chloride of potas-

sium, the composition of which has not been satisfactorily

ascertained.

Potassium chloride may be used for the preparation of other

potassium salts such as the chlorate, the carbonate, and the

chromate, and in an impure state it is employed as a fertiliser

for artificial manures.

Potassium Bromide, KBr. When bromine is dissolved in

caustic potash a mixture of bromide and brornate of potassium
is formed. If this mixture be evaporated and gently ignited,

the bromate is decomposed, and pure potassium bromide is left.

Another method of preparing the salt is by the action of bromine

and water on iron filings. The bromide of iron thus formed is

decomposed by potassium carbonate. A third method depends
on the fact that when bromine water and amorphous phosphorus
are brought together, aqueous hydrobromic acid is produced:
this may be neutralised with milk of lime, when the insoluble

phosphate and phosphite of calcium are thrown down, whilst

1 See Ber. iiber Enlurickl. Chem. Industrie, i. 351.
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the soluble calcium bromide remains in solution, and this is

then precipitated by potassium carbonate.

Potassium bromide crystallizes in cubes possessing a sharp
saline taste, and is readily soluble in water. It serves as a

valuable medicine, especially in cases of nervous diseases.

40 Potassium Iodide. KI. This salt is prepared in a similar

way to the bromide. It crystallizes like the two former salts, in

cubes. The crystals are transparent if they are slowly deposited
from a somewhat dilute solution, whilst if they are deposited from

a hot solution they have an opaque porcelain-like appearance.
The crystals possess a sharp taste, and they are very soluble in

water. Potassium iodide melts at 639 (Carnelley), arid can be

easily vaporized at a higher temperature. 100 parts of water dis-

solve at 127'8, and at 118 0<4 the boiling point of a saturated

solution, 222 -

b' parts of the salt, and at intermediate temperatures
the solution increases proportionally to the increase of temperature

(Mulder). Potassium iodide is sparingly soluble in alcoljol and

in proportion to the quantity of water present. The commercial

iodide of potassium generally possesses an alkaline reaction. In

order to obtain it perfectly neutral it must be dissolved in the

smallest quantity of water, neutralized with dilute sulphuric

acid, the potassium sulphate precipitated by the addition of

pure alcohol, and the solution allowed to crystallize (Groves).

Potassium iodide is largely used in medicine both for internal

and for external application. It is especially used in scrofulous

and syphilitic diseases.

Potassium 2'ri-iodide, KI
3. This compound is formed by

saturating a concentrated solution of potassium iodide with

iodine. A brown liquid having a metallic lustre is obtained,

and this on evaporation over sulphuric acid yields needle-shaped

almost black crystals which possess a metallic lustre. They are

very deliquescent, melt at 45, and are decomposed at 100 into

iodine and potassium iodide (Johnson).
1

Potassium Fluoride, KF. This is formed when aqueous hydro-

fluoric acid is neutralized in a platinum vessel with caustic

potash or potassium carbonate, and the solution evaporated

down. This salt crystallizes in cubes. It is very deliquescent

and has a sharp saline taste. When it is dissolved in aqueous

hydrofluoric acid it forms an acid fluoride, KFHF, crystallizing

in quadratic tables. These melt when heated, and at a dark red

heat decompose into potassium fluoride and hydrofluoric acid

J Journ. Chem. Soc., 1877, i. 249,
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41 Potassium Hypoclilorite, KOC1. When chlorine is passed
into a dilute cold solution of caustic potash or potassium car-

bonate a mixture of potassium chloride and potassium hypochlo-
rite is obtained. This substance was first prepared by Berthollet,

and the solution, known by the name "Eau de Javelle," was

formerly largely used for bleaching purposes (see Vol. I. par.

139). Pure potassium hypochlorite has not yet been prepared.

Potassium Chlorate, KC103
. It appears likely that this salt

was known to Glauber. In one of his works he mentions that he

is acquainted with a means of converting muriatic acid into nitric

acid, and in his
" Coutinuatio Miraculi Mundi "

he mentions a

peculiar kind of saltpetre which he had prepared by means of

common salt. This was probably chlorate of potash. In like

manner Winterl, in 1789, believed that he had converted muriatic

acid into nitric acid by strongly heating muriate of lime (calcium

chloride) in a retort with black oxide of manganese and leading
the product into a receiver containing a small quantity of caustic

potash. Higgins also stated in 1786 that by the action of de-

phlogisticated muriatic acid (chlorine) on the alkalis, a peculiar
kind of saltpetre is formed.

About the same time Berthollet was employed in his classical

investigation of the action of oxidized muriatic acid (chlorine)

on the alkalis, and in 1786 he discovered chlorate of potash,
which he, according to the prevailing views, termed hyper-

oxy-muriate of potash. He obtained it by the action of chlorine

upon caustic potash, and he observed at the same time that a

large quantity of muriate of potash (potassium chloride) was
formed

;
thus :

2
= KC103+5KC1 + 3H2

0.

Potassium chlorate was in fact formerly produced on the large
scale by this reaction by passing chlorine into a concentrated

solution of caustic potash or potassium carbonate. The crystals
of potassium chlorate, being only slightly soluble in water,

separate out when the solution is cooled, whilst potassium
chloride remains in solution. In this reaction only one-sixth of

the potash is obtained in the form of chlorate, the rest being
transformed into the much less valuable chloride. Hence many
improvements in this process have been made. Graham pro-

posed to saturate a mixture of equal molecules of potassium
carbonate and dry hydrate of lime with chlorine gas,

1 whilst

1 Ann. Chem. Pharm. xli. 308.
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Liebig
1
proposed to saturate with chlorine a mixture of potas-

sium chloride and quick lime, in the proportion of one molecule

of the former to three molecules of the latter. These are mixed

together with water to form a thin paste. Another process is to

evaporate an aqueous solution of 10 parts of bleaching powder
to dryness, to dissolve the residue in water, and then to allow

the solution, after addition of potassium chloride, to crystallize.

From time to time all these methods have been employed
in the manufacture of chlorate of potash. This is now carried

on on a large scale, generally as follows : chlorine is passed into

a solution of milk of lime having a specific gravity of 1'04 until

the liquid is nearly saturated. The clear solution is evapo-
rated until it has a specific gravity of 1'18 and then potassium
chloride added, and the mixture boiled down until a specific

gravity of 1'28 is attained. On cooling, crystals of potassium
chlorate separate out.2 A still simpler plan is to evaporate a

solution of bleaching powder with one of potassium chloride.

42 All these methods of preparation depend on the fact that

when a solution of chloride of lime is evaporated or boiled

down, the calcium hypochlorite contained in the solution is

decomposed, calcium chloride and calcium chlorate being
formed :

3Ca(OCl) 2
= Ca(03Cl) 2+2CaCl 2.

When chloride of potassium is present, a double decomposi-
tion takes place, the soluble calcium chloride and difficultly

soluble potassium chlorate being formed :

Ca(03Cl) 2+ 2KC1 = CaCl
2 + 2K03C1.

This reaction is not brought about by any greater affinity of

potassium to chloric acid than to chlorine, but depends solely

upon the fact that potassium chlorate is more sparingly soluble

than the other salts contained in solution. In his celebrated

Traite de Statique Chimique, Berthollet put forward the view

that when solutions of two salts containing different acids and

bases are mixed, a double decomposition always takes place, and

in such a way that the solution, after mixing, contains four salts.

Subsequent observations have shown that decompositions of this

kind do, in fact, frequently take place. In certain cases this may
readily be exhibited. Thus for instance, if a blue solution of

1 Ann. Chem. Pharm. xli. 307.
-
Lunge, Dingier. Polyt. Journ. clxxxix. 488.
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sulphate of copper be mixed with a solution of sodium chloride,

a greenish-coloured liquid is produced due to the formation of

cupric chloride. This solution contains four salts, cupric sul-

phate, cupric chloride, sodium sulphate, and sodium chloride.

If in such a case one of the newly formed salts is more diffi-

cultly soluble than the salts originally mixed, this separates out

partially when the solution becomes sufficiently concentrated.

If, on the other hand, the salt thus produced is absolutely
insoluble in water, a complete double decomposition takes place
when the solutions are mixed, as is the case, for instance, when
a soluble barium salt is added to a soluble sulphate.

43 Potassium chlorate crystallizes in large transparent mono-

clinic tables ''Fig. 5) which have a glassy lustre and which when

they are of certain dimensions ex-

hibit magnificent iridescent colours

and emit light when rubbed in the

dark. The crystals of potassium
chlorate have a feebly acid and cool-

ing taste similar to that of nitre.

They melt without decomposition at

334, and at 352 they begin to de-

compose with evolution of oxygen.
1

100 parts of water dissolve at

3'3 parts, and at 104 '8, the boiling

point of the saturated solution, 602 parts of the salt (Gay-

Lussac).

Potassium chlorate is used largely for the preparation of

oxygen gas. It also acts as a powerful oxidizing ag'ent and is

used in the manufacture of lucifer matches and for pyrotechnic

purposes. It is largely employed in calico-printing and in the

chemical laboratory. In addition, it is a valuable salt for medi-

cinal purposes ;
in large doses it acts as an irritant poison like

nitre and other soluble potassium salts. It used to be given in

small doses in cases of scarlet fever, scurvy, and other diseases,

as it was believed to act as an oxidizing agent on the blood. It

has, however, lately been shown that the whole of the salt

passes out undecomposed in the urine. It is still employed for

the purpose of allaying inflammation of the throat.

The powerful oxidizing properties of potassium chlorate can

be readily exhibited. If a small quantity of the powdered salt be

thrown on to glowing charcoal a rapid combustion takes place.
1

Pohl, Ber. Wien. A had. vi. 587.

FIG, 5.



POTASSIUM PERCHLORATE. 73

If a few grains of this salt together with a few grains of

flowers of sulphur are rubbed together in a mortar, loud explo-
sions occur, and if a grain of this mixture be struck with a

hammer a loud detonation takes place. If a small quantity of

powdered chlorate of potash be carefully mixed by means of a

feather with the same quantity of powdered amorphous phos-

phorus this mixture will take fire when struck even with a

slight blow of a glass rod.

Potassium Perchlorate, KC1O 4
. This salt is best obtained by

heating pure potassium chlorate in a porcelain basin until the

liquid mass begins to solidify. As soon as a sample of the mate-

rial becomes only coloured of a light yellow when treated with

hydrochloric acid the reaction is complete. The decomposition,
which takes place is represented by the following equation :

2KC103
= KC10

4+ KC1 + 2 .

The powdered product is next washed with a small quantity of

cold water in order to remove the larger quantity of potassium

chloride, and then warmed with hydrochloric acid. This decom-

poses any chlorate which may have remained. It is then allowed

to cool again, washed with a small quantity of cold water,

and the residue crystallized from its solution in boiling water.

Potassium perchlorate forms small rhombic crystals which

possess a slightly saline taste. One part of the salt dissolves

at in 142 9, at 50 in 15'5, and at 100 in 5'04 parts of water

(Muir). It is almost insoluble in strong alcohol and may there-

fore be used as a means of determining potassium quantitatively.

44 Potassium Bromate, KBrO3 ,
is obtained, according to Stas,

by passing chlorine into a warm solution of potassium bromide

and caustic potash

KBr + 6KOH + 3C1
2
= KBr0

3 + 6KC1 + 3H2
0.

A portion of the salt crystallizes out on cooling. Alcohol is

then added to the solution, when the rest of the salt is precipi-

tated together with a small quantity of potassium chloride, and

it may be easily purified by recrystallization from hot water,

as it is very insoluble in the cold. According to Marignac,
it forms hexagonal crystals and separates out in six-sided tables

or prisms which have the appearance of cubes.

Potassium lodate, K10
3

. This salt can be prepared in a

variety of ways. It may readily be obtained by passing chlo-

rine into cold water containing iodine in suspension until the

55
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whole of the substance is dissolved, then adding the calculated

quantity of potassium chlorate and warming, when a rapid evo-

lution of chlorine takes place, and on cooling pure potassium
iodate crystallizes out (Henry) :

IC1 + KC103 =C12

Potassium iodate crystallizes in small cubical crystals, and

begins to decompose at a much higher temperature than does the

chlorate. It combines with iodic acid to form the compounds
KI03 + HI03

and K10
3 4- 2HI03

.

Potassium Periodate, KI04 ,
is formed when chlorine is passed

through a mixture of caustic potash and potassium iodate. It

separates out as shining crystals which are isomorphous with

those of potassium perchlora^e. When a hot concentrated

solution of the salt is mixed with alcoholic potash, rhombohe-

drons of potassium meso-periodate, K3
I0

5 + 4H2O, are deposited.

These have an alkaline reaction and absorb carbonic acid

from the air. When the normal salt is evaporated together
with caustic potash, triclinic prisms of potassium di-periodate,

K
4
I
2 9 + 9H

20, are deposited ,
these have an alkaline reaction.

Normal Potassium Sulphite, K,S03 + 2H
2
0. is obtained in

the form of oblique rhombic octahedrons by passing a current of

sulphur dioxide into a solution of potassium carbonate until all

the carbon dioxide has been expelled. The solution is then

allowed to evaporate over sulphuric acid. It is more soluble

in cold than it is in hot water (Rammelsberg). The crystals

thus obtained possess a bitter alkaline taste.

Acid Potassium Sulphite, KHSO3,
is produced when a solution

of the former salt is saturated with sulphur dioxide. On the

addition of alcohol it separates out in needle-shaped crystals

which taste of sulphurous ack" and possess a neutral reaction.

Potassium Bisulphite, K
2
S
2 5

. This salt is formed when

sulphur dioxide is passed into a hot saturated solution of

potassium carbonate (Muspratt). It forms monoclinic crystals
which are difficultly soluble in water and have an acid un-

pleasant taste.

45 Normal Potassium Sulphate, K2
S0

4
. The mode of preparing

this salt was understood as early as the fourteenth century. It

was first obtained from the residues of the manufacture of aqua

fortis, and afterwards by the action of sulphuric acid upon crude

potashes. Potassium sulphate is probably one of the salts whose
constituents were first determined by analysis. Glauber, Boyle,
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and Tachenius were acquainted with its composition, and in the

seventeenth century it was termed arcanum, or Sal duplicatum,

because, according to the then prevalent ideas, it was made up
of an acid and an alkaline salt. The decomposition of this salt

into its constituent parts was at that time supposed to be a most

difficult matter. Indeed, Stahl proposed the following question
to the French Academy : How it is possible to decompose this

salt instantly when held in the hand ? Although none of the

Academicians were able to answer this question, Stahl accom-

plished his purpose by adding nitrate of silver, which at once

separated vitriolic acid from the alkali.

Potassium sulphate is found native in the lavas of Vesuvius,
and as kainite, K2

S0
4,MgS04,MgCl2 + 5H20, in the Stassfurt

beds and in those of Kalusz. It is also obtained as a by-

product in several chemical manufactures, as in that of bichro-

P2

FIG. 6. FIG. 7.

mate of potash, and in the preparation of pure potash and

the purification of crude potashes as well as in the lixiviation

of kelp. In order to obtain this salt from kainite, the mineral

is allowed to remain for some time exposed to the air
;

it

deliquesces, and as soon as the soluble magnesium chloride

has run off the remaining salt is partially decomposed by

boiling water, so that on cooling the difficultly soluble sulphate

separates out.

Potassium sulphate crystallizes in small hard rhombic pyra-

mids, Figs. 6 and 7, possessing an hexagonal or prismatic habit

and having a specific gravity of 2'648. One hundred parts of

water at the ordinary atmospheric temperature dissolve ten parts

of this salt, whilst 26 7 parts dissolve in the same quantity

of boiling solution at 102. Aqueous alcohol dissolves it in
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quantities proportional to the amount of water which the

alcohol contains. The salt is quite insoluble in a solution of

caustic potash of specific gravity l
-35 (Liebig), and in absolute

alcohol. It has a bitter saline taste and can be volatilized only
at a very high temperature.

The volatility of this and other salts has been determined

by Bunsen, as follows: 1 A small bead of each salt weighing
one centigram and carried on the end of a very fine platinum
wire is placed in the zone of fusion of a Bunsen's flame, having
a temperature of 2300, and the time ascertained which the

bead takes to volatilize. The following are the comparative
results obtained for certain potassium salts, sodium chloride

being taken as the standard of volatility :

NaCl KC1 KBr KI K
2S04

K
2
CO

3.

Seconds 84'2 654 41-0 29'8 665'2 272-0

Volatility 1-000 1-288 2'055 2'828 0127 0-310.

Potassium sulphate is used as a purgative and employed in

large quantities for the manufacture of potash-alum and potas-

sium carbonates.

TT 1

Acid Potassium Sulphate, -^
I SO

4
. In 1754, Eouelle proved

that in addition to the arcanum duplicatum, other salts exist

containing an excess of acid chemically combined. Amongst
these he mentions acid potassium sulphate, which he obtained

in the crystalline state. The same salt is found native in the

Grotto del Sofo, near Naples, in the form of long silky needles.

It is frequently prepared in the laboratory as a by-product in

the manufacture of nitric acid from saltpetre and sulphuric
acid. It crystallizes in rhombic pyramids, readily dissolves in

water, and possesses an acid saline taste, and when brought into

contact with alcohol it is decomposed into sulphuric acid and

the normal salt which is insoluble in this liquid. When the

acid sulphate is recrystallized from aqueous solution the normal

salt is found first to separate out, then crystals of a salt having
the composition K

2SO4 + KHS04
are deposited, and at last the

acid sulphate crystallizes out.

Potassium Disulphate, K2
S

2 7
. This salt is obtained by heat-

ing the normal salt with sulphuric acid until the mass fuses

quietly when gently ignited. It is also formed when the acid

salt is heated with potassium chlorsulphonate, a compound
1 Phil. Mag. [4], xxxii. 85.
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obtained by the action of sulphur trioxide on potassium
chloride :

S0
2 OK

SO<OK +SO<OH= > + HC1 -

S0-OK

The salt crystallizes in long needles which decompose when

brought into contact with water, evolving much heat and yield-

ing the acid sulphate. When dissolved in fuming sulphuric acid

this salt deposits transparent prismatic crystals of acid potas-
sium disulphate, KHSgC^.

1

46 Potassium Nitrate, KN03 (Saltpetre or Nitre). This re-

markable salt was known to the ancients, being termed Sal

petrce by Geber. It was frequently called Sal nitri by the

later alchemists, to distinguish it from nitrum, by which name
the ancients signified the native carbonate of soda, a salt which
was not unfrequently mistaken for nitre. When trade between

the East and the West increased, the mineral alkali was imported
under the special name of natron, and then the word nitrum

was specially reserved to designate saltpetre.

Saltpetre occurs, together with other nitrates, as an efflores-

cence on the soil in various hot countries, especially in Bengal,
but likewise in Egypt, Syria, Persia, and Hungary, as well as in

America. In Ceylon,,
2 and other parts of India, nitre is obtained

by the lixiviation of certain porous rocks, whence the origin of

the word sal-petrse. These yield from 2'5 to 8 per cent, of their

weight of nitre. The formation of the nitre, whether found in

the soil or in porous felspathic rocks, is due to the gradual
oxidation by the air of nitrogenous organic matter in contact

with an alkali. In the decay and putrefaction of such bodies

ammonia is first formed and nitric acid subsequently produced.
Nitre is also found in the juices of certain plants. This fact

was first pointed out by L. Lemery in 1717. Certain species of

amaranthus, especially A. atropurpureus, contain no less than

227 of nitre in the dry plant (Boutin).
In India, a caste of men termed Sorawallahs,

3 from sora, nitre,

make it the business of their liyes to collect the raw material,

and to manufacture and sell the salt, which is employed locally

for producing frigorific mixtures arid is also largely exported.
1 Sclmltz Sellack, Bcr. Dcutsch. Chem. Ges. iv. 110.
2 John Davy, Quart. Journ. Science, 1S18, v. 233.
3
Palmer, Journ. Chcm. Soc. xxi. 318.
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" The Sorawalldh goes about the village, examining the small

surface drains which issue from holes in the mud-wall, usually

found around native dwellings and their cow-houses
;
when lie

detects a faint white veil-like patch of crystalline formation, on

or near the dark-coloured borders .of these little drains, he

knows that a considerable quantity of nitre exists, on or near

the surface of all the surrounding earth
;
he accordingly pro-

ceeds to scrape off a very thin layer of the surface soil, which

he carries away to his place of manufacture, as soon as his

morning's collections are finished. On arriving there, the im-

pregnated earth so collected is thrown into an earthen vessel

containing either water or water which has been poured off

from previous supplies of similarly impregnated earth. When
the water so used is pretty well saturated, it is poured into

shallow pans of unglazed earthenware, in which it is then

exposed to the combined influence of hot winds and the solar

rays ;
these cause rapid evaporation, and the formation of

crystals of nitrate of potash, which after one or two more

crystallizations are ready for sale. The mother-liquor, on being
further evaporated, yields a proportion of common salt, varying
from one to seven or nine per cent. The Sorawalldh makes

fresh collections from precisely the same spots of ground from

week to week, year to year, and from generation to generation
after the manner of the eastern world

;
the production of nitre

is constant so long as the place continues to be inhabited
;

it

even continues to appear in large, though gradually decreasing

quantities, for years after the village may have been deserted.

The intervals at which fresh collections may be made from the

same spot vary in different localities and in different seasons of

the year, from one to seven, ten, or more days."
This production of nitre is doubtless preceded by the forma-

tion of nitrate of calcium, and this, by double decomposition
with potassium carbonate, yields nitre and calcium carbonate.

Indian saltpetre was introduced into Europe by the Italians,

and first employed for medicinal and chemical purposes.

47 When the demand for gunpowder became great, nitre

began to be manufactured in Europe. Agricola, in his celebrated

treatise De He Mctallic.a, describes the process of refining salt-

petre as follows :

"
Saltpetre is obtained from a dry somewhat

fatty earth, which is boiled with quick-lime and wood-ashes.

The mass is then lixiviated and the solution evaporated."
1 This

1
Berzelius, Traite, iii 119.
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process is employed to the present day, and during the blockade

of the French ports, the artificial production of nitre was

largely carried on in that country. In Sweden every landed

proprietor is obliged to furnish the state with a certain quantity
of nitre, and in Switzerland and other inland countries the

manufacture of nitre is regularly carried on. For this purpose

nitrogenous organic matter of animal or vegetable origin, after

having been allowed to putrefy by exposure to air in a dark

place, is mixed with substances such as lime, mortar, or wood-

ashes, containing the carbonates of potash, magnesia, or lime.

The mixture is then heaped together in ridges (saltpetre walls)
or in low heaps (saltpetre mounds). These heaps are then

moistened from time to time by the drainage of dung-heaps,
or by urine, and exposed to the air. After standing for from two
to three years the outer surface or saltpetre earth is removed
and exhausted with water. This yields the crude saltpetre-ley

which contains the nitrates of calcium and magnesium together
with the chlorides of potassium and sodium. On boiling this

liquor with potashes the calcium and magnesium salts are de-

composed, and the clear solution is then crystallized. Raw nitre

is thus obtained, and this by repeated solution and crystallization

is converted into purified nitre. The same process of purifica-

tion is adopted in the case of the Indian saltpetre. Even when
thus recrystallized the nitre is far from being chemically pure.

In order still further to purify it, the salt is dissolved in boiling

water, and the solution constantly agitated when cooling. The

salt then separates out in small crystals termed saltpetre-flour,

which inclose much less of the mother-liquor, and therefore

much less impurity than the large crystals. This finely-divided

salt may be still further purified by washing it with a saturated

solution of pure nitre which dissolves out any foreign salts

which may still be present, thus rendering the saltpetre free

from chlorides and fit to be employed in gunpowder-making.
Since the discovery of large quantities of potassium chloride

at Stassfurt, this salt has been largely used for the artificial

manufacture of saltpetre. This manufacture depends upon the

fact that under certain conditions of temperature and pressure,

solutions of Chili saltpetre (sodium nitrate), NaN03,
and of

potassium chloride undergo, when mixed, a double decomposition,

chloride of sodium being deposited and potassium nitrate re-

maining in solution. For this purpose equal molecular quan-
tities of the two salts are dissolved in water until the specific
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gravity of the liquor reaches T5. Chloride of sodium is

deposited and the clear solution on cooling and on agitation

deposits the saltpetre in the form of flour.

Saltpetre occurs in commerce in the form of small well-

formed crystals, as well as in the form of flour. These are much

purer than the larger crystals, which are often hollow and contain

chloride of potassium and other impurities.

48 Potassium nitrate is dimorphous.
1 It usually crystallizes

in rhombic prisms (Figs. 8, 9, 10), which not unfrequently

closely resemble regular six-sided prisms.. If, however, a few

drops of a solution of nitre be allowed slowly to evaporate,

?IG. 8. FIG. 10.

rhombohedral crystals are deposited, isomorphous with those of

sodium nitrate.

Saltpetre has a specific gravity of 21
;

it melts at 339

(Person), 352 (Carnelley), and possesses a bitter cooling saline

taste. It dissolves in water with absorption of much heat.

This property of nitre was first pointed out by the Spanish

physician Blasius Villafranca, in his tract published in 1550,

entitled
" Methodus refrigerandi ex vocato Sale-nitro vinum

aquamque ac potus quodvis aliud genus." According to Riidorff,

16 parts of nitre when dissolved in 100 parts of water at 13'2

lower the temperature to + 3.

The following table gives the solubility of saltpetre :

One hundred parts by weight of water dissolve at

10 20 30 40 50

13-3 211 31-2 44-5 64 86 parts of nitre.

60 70 80 90 100

111 139 172 206 247 parts of nitre.

1
Miller, Phil. Mag. [3] xvii. 38.
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whilst at 114, the boiling point of the saturated solution 327'4,

parts of the salt are dissolved.

Saltpetre is used in the laboratory, in medicine, for the

salting or pickling of meat, to which it imparts a red colour,

for pyrotechnic purposes, but chiefly in the manufacture of

gunpowder.
Nitre used as an Explosive. The Chinese are said to have been

acquainted with the mode of manufacturing gunpowder from early

times, although employing it rather for making fireworks than for

warlike purposes. Whether the knowledge of this manufacture

was brought into Europe from the East by the Saracens, or

whether it resulted from an improvement in the preparation of

Greek fire, is doubtful. In a Latin work by Marcus Graccus,

probably written in the eighth century, mention is made of the

use of saltpetre, as sal petrosum, as a constituent of gunpowder.
None of the Arabian alchemists appear to have been aware of

the property of saltpetre to deflagrate when mixed with a

combustible body, and not until the thirteenth century do we
find this clearly pointed out by Koger Bacon as follows :

1

"Talis natura est (sal nitrum), quod si immediate ignitos car-

bones tangat, statim accensum impetu evolat."

This fact is strikingly shown when a mixture of twenty parts

of nitre and three parts of charcoal is thrown into a red-hot

crucible
;
vivid incandescence and a violent combustion being

noticed :

4KN03 + 5C = 2K2C03 + 3C0
2 + 2X2.

An intimate mixture of fifteen parts of saltpetre and five

parts of sulphur also burns very brilliantly :

2KX0
3 + 2S = K.2S04 + S02 + N2

.

Detonating Powder, first described by Glauber, consists of a

mixture of three parts of saltpetre, two parts of dry carbonate

of potash, and one part of sulphur. When this mixture is heated

in an iron spoon it first fuses and then explodes violently. The

reaction which here occurs shows that the sulphur forms potas-

sium sulphide, which at the high temperature of the combustion

is oxidized by the nitre, free nitrogen being evolved.

Powder of Fusion, or Baumffs Quick Flux, also mentioned

by Glauber, contains one part of nitre, one part of sulphur,

1 Breve breviarum de Dono Dei. .
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and one of sawdust. This if set on fire burns with so much

heat that a small silver coin exposed to it is melted in a

moment.

49 Gunpowder. Fire-arms appear to have been used in

Florence in 1325, but field-pieces were first employed by the

English at the battle of Crecy in 1346.

Gunpowder consists of a mixture, in somewhat varying pro-

portions, of charcoal, sulphur, and nitre. Its explosive power

depends on the rapid combustion of the charcoal and sulphur
at the expense of the oxygen of the nitre, and the sudden

liberation of a large volume of gas, which occupies several

hundred times the bulk of the solid powder. Hence gunpowder
can burn in a closed space or under water, as it contains the

oxygen needed for the combustion in itself. It is a singular

fact that it has been found in practice that the description of

gunpowder which acts best is that which contains nearly two

molecules of nitre to one atom of sulphur and three of carbon.

Hence it was formerly believed that the decomposition which

takes place when powder is fired is a very simple one, repre-

sented by the following equation :

2KN03 + S + 30 = K
2
S + Nz + 3C02.

If this equation represents the decomposition which actually

occurs, it follows that the most effective powder must be

composed of:

Nitre 74-9

Carbon 13-3

Sulphur 11-8

100-0.

The compositions of the gunpowders employed by different

nations approach closely to these theoretical numbers
;
but in

no case, as will hereafter be seen, are these numbers exactly
'adhered to. Indeed the fact that the charcoal employed in

the manufacture of gunpowder does not consist of pure carbon,
but contains considerable quantities of hydrogen and oxygen, is

sufficient to show that the above simple reaction cannot represent
the real decomposition which occurs when powder is fired. In
addition to this, however, Gay-Lussac and Chevreul proved long

ago that, in addition to nitrogen and carbon dioxide, carbon

monoxide is evolved in the firing of gunpowder, whilst the
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residue does not merely consist of potassium sulphide, but con-

tains the carbonate, sulphate, and other salts.

We owe the first complete experimental investigation con-

cerning the nature of the decompositions which occur when

powder is fired to Bunsen and Schischkoff. 1

They proved that

a very large number of salts, such as sulphate, thio-sulphate,

sulphide, and carbonate of potassium, are contained in the

smoke and solid residue remaining after the powder has been

fired; whilst many other gases, especially carbon monoxide,

hydrogen arid sulphuretted hydrogen, besides carbon dioxide

and nitrogen, are formed. In these experiments the powder was

fired into a vacuum, and consequently some conditions as regards

temperature and pressure which are met with in the practical

use of gunpowder were not maintained. Linck repeated

these experiments with a different kind of powder, and Karolyi

analysed the products obtained by exploding small charges in

shells inclosed in a vacuous space.

The results of these experiments are seen in the following

Tables:

1. COMPOSITION OF THE POWDER.

1 Phil. Mag. [4], xv. 489.
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2. GASEOUS PRODUCTS OF COMBUSTION BY VOLUME.

3. TOTAL PRODUCTS OF COMBUSTION BY WEIGHT.
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50 More recently Abel and Noble1 have published the results

of a very complete investigation on the products of combustion of

powder fired under conditions similar to those which exist when
it is fired in guns. The gunpowder operated upon included five

kinds, viz. pebble powder, rifle large-grain (cannon powder), fine-

grain powder, and rifle fine-grain powder, all English military

powders, together with one spherical pellet powder of Spanish
manufacture. The following table gives the complete analyses
of the different powders employed :

The quantities of gunpowder exploded in the several opera-

tions varied from 100 to 750 grams. The apparatus in which

the charges were exploded consisted of a mild steel vessel of

great strength, carefully tempered in oil. The charge to be

exploded was placed in the chamber of this steel vessel, and the

main orifice of the vessel was closed by a screw plug, called the

firing-plug, which fitted into its place with great accuracy. In

this firing-plug itself was a conical hole, also stopped by a plug,

and through this passed two insulated platinum wires, by moans

of which the charge could be fired by electricity. Two other

apertures were made in the chamber
;
one of these communicated

with the arrangement for allowing the gases to escape ;
the other

contained an apparatus for determining the tension of the gases

at the moment of explosion. The pressures actually observed

varied from one to 36 tons on the square inch, the whole of the

gaseous products remaining pent-up in the cylinder under this

1 Phil. Trans. 1874. Part II., 49.
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enormous pressure. The results of this investigation may be

shortly stated as follows :

(1).
The composition of the gas furnished by the explosion of

all the English powders is remarkably uniform, but under high

pressures the carbon dioxide increases and the carbon monoxide

decreases.

(2). The composition of the solid products exhibits a much

greater variation.

(3).
The decomposition which an average gunpowder under-

goes when fired in a closed space cannot be represented by even

a comparatively complicated chemical equation.

(4). The volume of the permanent gases measured at and

760 mm. furnished by the combustion of one gram of powder in a

closed vessel is about 280 cbc., and is therefore about 280 times

the volume of the powder.

(5). When 1 gram of powder is burnt the solid products of

combustion amount to '0 57 gram, and the permanently gaseous

products 0'43 gram.

(6). The tension of the products of combustion when the

powder entirely fills the space in which it is fired is about 6,400

atmospheres, or 42 tons per square inch.

(7). The heat developed by the burning of 1 gram of powder
is about 705 thermal units.

(8). The temperature of explosion is about 2,200 C.

The following Tables give the analytical results obtained, in-

cluding the percentage composition of the products of com-

bustion of three of the powders :

/. (Pebble) ; II. E. L. G. (Rifle Large Grain) ; III. F. G. (Fine

Grain), each under two different pressures.
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COMPOSITION BY WEIGHT (IN GRAMS) OF THE PRODUCTS OF EXPLOSION
OF A GRAM OF POWDER AG FURNISHED BY THE ABOVE EXAMPLES.
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The total theoretic work of gunpowder, when indefinitely ex-

pended, is about 332,000 gram meters per gram, or 486 foot-tons

per Ib. of powder.
A difference between the products of powder of large- and

small-grain can be observed. The very small-grain powders
furnish decidedly smaller proportions of gaseous products than a

large-grain powder, and this again smaller than a pebble powder.
The most important solid products are found to consist of the

following potassium salts : carbonate, sulphate, hyposulphite and

sulphide. The proportion of carbonate is much higher, and

that .f sulphate very much lower, than had been formerly
believed to be the case.

51 Potassium Nitrite, KN02 , is formed when saltpetre is heated

until one atom of oxygen is evolved (Mitscheiiich). The re-

sidue invariably contains undecomposed nitrate, and also oxides

of potassium. The above decomposition takes place more readily
in the presence of metallic iron, copper, or lead (Stromeyer). For

this purpose two parts of lead may be employed to one part of

saltpetre. The latter salt is fused, and the fused mass heated to

dull redness, the lead then added little by little, and the cooled

fused mass lixiviated with water. On evaporation, or on neutra-

lizing in the cold with dilute sulphuric acid and adding to the

solution twice its weight of alcohol, crystals of the nitrite are

precipitated.

When the red nitrous fumes formed by the action of nitric

acid upon starch or arsenious acid are led into a solution of

caustic potash, a mixture of saltpetre and potassium nitrite is

formed. These two salts can be separated by crystallization, the

nitrite being the more soluble.

Pure potassium nitrite is best prepared by decomposing silver

nitrite with potassium chloride (Berzelius), or by decomposing
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amyl nitrite with the exactly necessary quantity of alcoholic

potash (Chapman).
Potassium nitrite forms small indistinct crystals which deli-

quesce in moist air, and are insoluble in alcohol. This salt is

employed for the separation of cobalt and nickel, and also in

organic chemistry.

52 Potassium Hypophosphite, KPH2 2
. When phosphorus is

boiled with an alcoholic solution of potash the above salt is

formed. It is deposited in deliquescent hexagonal tables which

when heated in the air take fire and burn with a yellow flame.

Potassium Phosphite. If phosphorous acid be saturated with

potash, and the solution evaporated in a vacuum, a syrupy liquid
is left, which when dried at 280 possesses the composition
K

2
HP0

3
.

Normal Potassium Ortho-Phosphate, K3
P0 4 ,

is formed, according
to Graham, when phosphoric acid is ignited with an excess of

potassium carbonate. It is readily soluble in water, and crystal-

lizes in small needles. The mono-acid salt HK
2
P04 does not

crystallize (Graham), and the diacid salt H
2
KP04

is obtained by

adding phosphoric acid to a solution of carbonate of potash until

the liquid turns blue litmus red, and this on drying is again
turned blue. The salt deposits in rhombic crystals easily soluble

in water but insoluble in alcohol.

Potassium Pyrophospliate, K4P2 7
. When the mono-acid ortho-

phosphate is ignited this salt is formed. It deliquesces on ex-

posure, and deposits in the form of fibrous crystals containing 3

molecules of water, when the solution is evaporated. The acid

salt, H2
K

2
P2 7 , separates out as a white deliquescent mass when

the normal pyrosalt is dissolved in acetic acid and alcohol added

to the solution.

Potassium Monometapliosphate, KP03. This salt is obtained

by the ignition of the diacid orthophosphate. It is almost in-

soluble in water. Dimetaphosphate, K 2
P

2 6 + H20, is a crystal-

line, soluble salt
;
it is prepared by decomposing the corresponding

copper salt with potassium sulphide. On ignition it yields

monometaphosphate.

53 Normal Potassium Arsenate, K3As04 ,
is prepared by adding

an excess of caustic potash to arsenic acid. On evaporation it is

deposited in the crystalline form (Graham). Mono-acid potassium

arsenate, K
2
HAs64 , crystallizes with difficulty, but the diacid

salt, KH2
As04 ,

can be obtained in large crystals. This last salt

was known as Macquer's arsenikalisches mittelsalz, and was

56
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formerly prepared by deflagrating equal parts of arsenious acid

and nitre, dissolving in water, and leaving the solution to crys-

tallize. These crystals are isomorphous with diacid potassium

phosphate, and like these turn blue litmus-paper red, but this

red colour disappears en drying.

Potassium Arsenite. Arsenic trioxide dissolves easily in an

aqueous solution of potash, and if the minimum quantity of

potash be employed, the compound KAs0
2 + H

3As03 may be

obtained as a crystalline powder when the solution is mixed

with alcohol. If this is warmed with a solution of potassium

carbonate, potassium meta-arsenite, KAs02 ,
is formed, and this

when warmed with caustic potash yields potassium diarseuite,

K
4
As

2 5 , likewise precipitable by alcohol.

A solution of potassium arsenite is used in medicine under

the name of Fowler's Solution. This solution is prepared by

boiling one part of solid arsenic trioxide with an equal weight of

carbonate of potash in distilled water, and diluting the clear

liquid so as to form 90 parts of solution.

54 Potassium Metaborate, KB02
. When boric acid and car-

bonate of potash (or any other potash salt containing a volatile

acid) are fused together in the proper proportions the above salt

is obtained. It is difficultly soluble in water, and deposits in

small monoclinic crystals, possesses an alkaline reaction, and

absorbs carbonic acid from the air with formation of potassium

pyroborate or tetraborate. This latter substance is obtained by

adding caustic potash to a solution of boric acid until the liquid

attains an alkaline reaction. It is easily soluble, crystallizes in

hexagonal prisms having the formula K2
B

4 7 + 5H
20, and pos-

sesses a faint alkaline taste. If hot solutions of boric acid and

carbonate of potash be mixed together, in the proportion of

one molecule of the former to two molecules of the latter, glit-

tering rhombic crystals of potassium triborate, 2KB3
0. -f 5H.,O,

separate out, and when a hot solution of caustic potash is

saturated with boric acid, rhombic pyramids of potassium pen-

taborate, KB5 8 + 4H
2O, are deposited.

55 Potassium Metasllica^e, K2
Si0

3 , is formed when silica is

fused together with the requisite quantity of carbonate of potash.

Indeed, this salt is formed even when an excess of carbonate is

employed, for H. Eose has shown that one molecule of silica

cannot liberate one molecule of carbon dioxide from an alkaline

carbonate. 1 Hence we may conclude that the ortho-silicate,

K
4
Si04 ,

does not exist.

1 Gilbert's Ann Ixxiii. 84.
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Potassium metasilicate forms a glassy mass which deliquesces
on exposure to moist air. It also absorbs carbonic acid from

the air, and is gradually transformed into a transparent jelly

which in time shrinks together, and after some weeks .becomes

hard enough to scratch glass. It is probable that opal and flint

are formed in a similar manner (Kuhlmann). Van Helmont
was aware that the substance obtained by fusing silica with an

excess of alkali became liquid on exposure to air, and Glauber

termed this liquor silicum.

Potassium Tctrasilicate, K2
Si4O9

. This salt, known as the

soluble glass of Fuchs, was discovered in 1818. Unlike the pre-

ceding compound, it is not deliquescent, but soluble in water,

whence its name is derived. It is prepared by fusing 45 parts

of quartz, 30 of potashes, and 3 of powdered charcoal, for from

five to six hours. The charcoal serves to assist the evolution

of the carbon dioxide, which is thereby reduced to carbon

monoxide.

In order to prepare pure potassium tetrasilicate the hard

greyish-black glass thus obtained is next boiled with five times

its weight of water, the clear solution boiled down, and one-

fourth its bulk of strong alcohol added. The precipitate which

forms gradually shrinks together, the mother-liquor is then

poured off, and the residue washed with a little cold water. It

dissolves completely in water. Potash water-glass is used for a

variety of purposes, but it is now usually supplanted by soda-

water glass, a compound also discovered by Fuchs, a description

of which will be found in the sequel.

Potassium Fluosilicate, K (,SiF6 ,
is obtained when hydro-

fluosilicic acid is brought into contact with a solution of a

potassium salt. When the acid is added in small quantities

no percipitate is observed to form, but soon the liquid begins

to exhibit irridescent colours, and after a while the insoluble

potassium fluosilicate separates out as a semi-transparent mass.

After washing with water and drying, the salt is obtained as

a fine white powder difficultly soluble in cold, though easily

soluble in hot water. By slow cooling it may be obtained in

the form of bright octohedrons, which sometimes show cubic

faces (Marignac).

56 Normal Potassium Carbonate, K
2
C0

3
. This salt, well-

known under the name of potashes, was originally obtained

solely from the ashes of wood and other land plants, as the

name implies, boiled in pots. Even to the present day this
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compound is largely obtained according to the old process, espe-

cially in Canada, North America, Moravia, the Steppes of

Southern Russia, Hungary, and other districts where wood is

plentiful. The ashes are first lixiviated in wooden tubs fitted

with false bottoms, and the lye, which is of a dark brown colour,

is evaporated in iron pots either to dryness or to the point at

which crystallization commences, and in this way a brown

mass of crude potashes is obtained. This residue is generally

calcined in a reverberatory furnace, in order to drive off the

adhering water and to burn away the brown organic matter

adhering to it. The crude or calcined potashes obtained in

this process are usually slightly coloured either red, yellow, or

green by iron- or manganese compounds. To the pure white

potashes the name pearl-ash is given. Crude potashes contain

besides potassium carbonate, potassium chloride, potassium

sulphate, potassium silicate, and sodium compounds. In the

preparation of the American ash, caustic lime is added, and

hence this product contains large quantities of caustic potash.

When the crude potashes contain much caustic alkali it is

usual to get rid of this by heating the ash in a reverberatory

furnace with sawdust. In order to purify the crude potashes

they are dissolved in two parts of boiling water, the solution

filtered, evaporated down, and allowed to stand for some days,

when the greater part of the sulphate separates out. The

liquor, poured off from this deposit, is boiled down until the

salt begins to separate out and then allowed to cool, when
the potassium carbonate is deposited in crystals. The saline

mass is thrown into a drainer, and washed with a little cold

water to remove the mother-liquor, containing chloride and

silicate, retained by the crystals. The residue is then heated

to redness and forms refined potashes or. pearl-ash. This again,

in America especially, is refined by dissolving again and allow-

ing the less soluble impurities to separate out. The pearl-ash
thus produced is of first-rate quality.

During the last twenty years, owing to the high price of

potashes and the gradual extinction of forests, and in con-

sequence of this alkali being a substance largely needed in

manufacturing processes, other sources of potassium compounds
have been sought. The suggestion has frequently been made
that felspar and other silicates of potash should be employed
for the purpose, and this proposition seems a very plausible

one, inasmuch as it is by the slow decomposition of these
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silicates that all fruitful soils obtain their potash salts. At the

same time, experience has shown it to be impossible to obtain

potash from this source, and fortunately other richer sources of

potassium compounds have been discovered Amongst these

the first to be noted is that from the manufacture of beet-rout

and cane-sugar. Beet-root is a potash plant, its ash being

particularly rich in potassium compounds. The first attempt to

obtain potash from this plant was that of incinerating the

leaves. This process however did not prove available, and it

was afterwards suggested that the molasses or uncrystallizable

sugar, which also contains large quantities of potash salts,

should be first allowed to ferment, whereby the sugar is

converted into alcohol, and the liquors evaporated. In this

way a black mass is obtained, consisting of alkaline salts

together with carbon. On lixiviation a solution is obtained,

and this is evaporated until it attains a specific gravity of

l
-25 T30. Potassium sulphate separates out together with

sodium C'-nbonate. The hot lye is then drawn off, and, on

cooling, potassium chloride is obtained, together with some

potassium sulphate. Further evaporation and cooling yields a

mass which chiefly contains the carbonates of potash and of

soda, together with a little potassium chloride and sulphate.

These raw beet-root potashes are termed "
salin

"
on the con-

tinent. This crude material is again lixiviated and the liquors

are boiled down again, and a repetition of this process is carried

on until the material contains 82 84 per cent, of potassium
carbonate. The potashes obtained by this process vary very
much in quality, according to the district where the beet-root

has been grown. They are richer where the beet-root has

been recently introduced than where the soil has been partially

exhausted.

Another remarkable source of potassium is that from sheep-

wool. It has already been mentioned that sheep withdraw a

considerable quantity of potash salts from the soil. Chevreul

first pointed out that the sweat or suint of sheep contains no

less than one-third of its weight of potash salts. The brown

liquors in which the wool has been washed are evaporated to

dryness, and the solid residue calcined in retorts, by which

means ammonia and a gas used for illuminating purposes are

evolved
;

the residual mixture of charcoal and alkaline salts is

again lixiviated and treated in a similar way to the salin already

described.
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Potashes are lastly obtained in still larger quantity from potas-

sium sulphate, which, as we have seen, separates out in the

manufacture of potashes, and is likewise obtained in considerable

quantity both from the Stassfurt beds and from sea-water. A
large quantity is also obtained by heating potassium chloride

with sulphuric acid, and in the manufacture of bichrome. For

the purpose of converting the sulphate into the carbonate it is

heated in a reverberatory (black-ash) furnace with the requisite

quantity of limestone and coal, the product being worked

exactly according to Leblanc's process for obtaining carbonate of

soda from salt-cake. The details of this process will be found

under the Sodium Compounds. The present extent of the

potash industry is seen from the following numbers taken from

the report of the Vienna Exhibition of 1869. 1

Yearly Product of Potashes in kilos.

From wood ashes .... 20,000,000

beet-root 12,000,000

suint of sheep . . . 1,000,000

sulphate of potassium . 15,000,000

These numbers clearly show that the potash industry is under-

going a most remarkable change. Twenty years ago the whole

of the potash salts were obtained from wood-ashes, and the export
of Russian potashes amounted in 1864 to more than 11,000,000

kilos, whilst in 1873 it amounted to only 5,500,000 kilos. The

export of American potashes has likewise diminished in the last

ten years from 1,900,000 kilos to 388,000 kilos.

In order to prepare chemically pure potassium carbonate, it

was customary formerly to employ pure cream of tartar

(hydrogen potassium tartrate) which was heated in covered

iron crucibles. A mixture of carbon and potassium carbonate

was thus obtained, and by lixiviating the residue with water

and evaporating the solution down in a silver basin the pure
salt was deposited. This salt even now retains the name of

salt of tartar. Instead of the expensive tartar it is now

customary to employ the much cheaper hydrogen potassium car-

bonate or bicarbonate of potash, which can be easily prepared
in the pure state, and which on heating yields water, carbon

dioxide, and potassium carbonate :

2KHC0
3
= H

2 + C0
2 4 K

2
C0

3

1 Ber. Entw. Chem. Industrie, 409.
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When prepared oil the manufacturing scale, the carbonic

acid which is evolved is made use of for the preparation of a

fresh portion of bicarbonate.

Pure potassium carbonate occurs either in the form of a

white granular powder or as a white solid mass which possesses
a strong alkaline reaction and has an alkaline and slightly
caustic taste. It melts at 838 (Carnelley), and then loses a smnll

quantity of carbon dioxide. At a white heat it is volatilized. It

is extremely hygroscopic and very soluble in water, and when

exposed to the air it soon deliquesces to an oily liquid which

has received the name of " oleum tartari per deliquium."

According to Mulder, 100 parts of water dissolve the following

quantity of salt at

20 40 60 80

89-4 112 117 127 140 parts.

At 135, the boiling point of the saturated solution, 100 paits

of water dissolves 205 parts of the salt. For the specific gravity
of solutions of this salt, Gerlach's tables may be consulted. 1

When the concentrated solution is allowed to stand monoclinic

crystals possessing a glassy appearance and having the composi-
tion 2K

2
C03 + 3H

2
are deposited. These on heating to 100

fall to a white powder having the composition Ka
C0

8 + H
20,

and this at 130 loses all its water.

Carbonate of potash is largely used in the manufacture of

soft-soap, yellow prussiate, and chromate of potash, and crystal

glass.

Hydrogen Potassium Carbonate, KHC03
. This salt, also known

as bicarbonate of potash, is obtained by passing carbon dioxide

through a concentrated solution of the normal salt when the

bicarbonate, which is much less soluble, crystallizes out. Another

process is to pass a current of carbon dioxide over the slightly

moistened purified potashes, the product being recrystallized

from warm water. It forms large transparent crystals belonging

to the monoclinic system, which possess a saline taste and a

slightly alkaline reaction. 100 parts of water dissolve at the

ordinary temperature, about 25 parts, and at 70 45 parts,

of the salt. When the solution is boiled carbon dioxide is

given off, and when the dry salt is heated to 190 it is

thoroughly decomposed into the normal carbonate and carbon

dioxide.

1 Zeitsch. Analyt. Chcm. viii. 279.
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Potassium Cyanide, KCN. Commercial potassium cyanide is

prepared according to Liebig's method as follows. Eight parts of

dry ferrocyauide of potassium are melted in an iron crucible

together with three parts of potassium carbonate

K
4Fe(CN)6 + K2

C0
3
= 5KCX + KOCX + C0

2 + Fe.

As soon as no further evolution of gas takes place and the

liquid appears clear, the crucible is taken from the fire and the

melted mass poured off from the finely divided iron which

remains behind. As is seen in the above equation, the cyanide thus

prepared contains a small quantity of cyanate. For ordinary

purposes this admixture is of no consequence. A purer product
can be obtained by heating the dry ferrocyanide to a bright

red heat :

K
4Fe(CN)6

= 4KCN + FeC2 + N2.

A portion of the melted mass can be poured off and thus

obtained in the pure state. That which remains in contact

with the carbide of iron must be dissolved out with water, or,

better still, with boiling alcohol. Chemically pure potassium

cyanide is best prepared by passing the vapour of hydrocyanic
acid into an alcoholic solution of potash. The salt then separates

out as a white crystalline powder.
Potassium cyanide has a sharp bitter taste

;
it is exceedingly

soluble in water and dissolves slightly in cold, and somewhat

more readily in hot, alcohol. When the concentrated aqueous
solution of the salt is allowed to evaporate over strong sulphuric
acid it deposits crystals in the form of regular octohedrons.

Potassium cyanide is readily fusible, and on cooling solidifies

in cubes. The weakest acids, even carbonic acid, decompose
the salt with evolution of hydrocyanic acid. Hence the salt

smells of this acid when exposed to the air, and is itself as

poisonous as the acid.

Potassium cyanide is used in large quantity in photography,
and in the laboratory, where it is used largely as a reducing

aj^ent. This is due to the fact that when in the fused state

it withdraws oxygen from many oxides and is converted into

potassium cyanate. When heated with nitric acid or chlorate

of potash violent explosions occur. Potassium cyanide and
MI Iphur when melted together combine directly, formvngpotassium

thiocyanate. This compound is also formed when the cyanide is

heated with several metallic sulphides.
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Potassium Cyanate, KOCN. This salt is prepared by igniting

an intimate mixture of two parts of dried yellow prussiate of

potash and manganese dioxide on a flat iron dish until the

mass has attained a brownish-black colour. It is well

stirred, and the temperature increased until the mass begins to

soften, after which it is allowed to cool. The solid residue is

then exhausted with. alcohol of 80 per cent., and the alcoholic

solution evaporated until crystallization begins.

Potassium cyanate crystallizes in transparent tables, which

are readily soluble in water and in alcohol. The aqueous
solution gradually decomposes into ammonia and hydrogen po-

tassium carbonate :

KOCN + 2HaO = NH, + KHCO..

Potassium cyanate is employed for the preparation of some

organic compounds.
Potassium Thiocyanate, KSCN, is prepared by gently heating

a mixture of forty-six parts of dried yellow prussiate of potash,

seventeen parts of carbonate of potash, and thirty-two parts

of sulphur. The mass when cold is boiled with alcohol.

On co'oling the filtered liquid the above salt separates out in

long striated transparent prisms, which melt readily when heated,

and deliquesce in moist air. It is very soluble in water; if

500 grains of this salt be mixed with 400 grams of cold water

the temperature of the mass sinks to 20 (Rudorff) ;
hence this

salt is largely used as a refrigerant.

The formation of potassium thiocyanate serves as a delicate

test for the presence of sulphur or sulphides. For this purpose

the body under examination is fused with a small quantity of

potassium cyanide, the fused mass heated with water, and a drop

of ferric salt added to the slightly acidified solution. If sulphur

or sulphides were present, the deep blood-red colouration of

ferric thiocyanate is noticed.

POTASSIUM AND SULPHUR.

57 Potassium Monosulpkide, K2
S. This substance is formed,

according to Berzelius, by leading hydrogen over potassium

sulphate? It forms a pale red crystalline mass, which on

heating becomes darker and melts to a black liquid below a red-
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heat. Berthier obtained the same compound as a flesh-coloured

mass by strongly heating the sulphate with carbon :

K
2
S0

4 + 40 = K
2
S + 400.

In order, however, to obtain this substance a larger amount of

carbon is needed than that represented in the above equation,

otherwise a mixture of higher sulphides with potassium carbonate

is obtained (Wittstock). Indeed it appears impossible to obtain

perfectly pure monosulphide, as even the substance obtained by
reduction with hydrogen contains higher sulphur compounds.

1

The mass deliquesces in moist air, and dissolves in water with

evolution of considerable heat.

If potash lye be saturated with sulphuretted hydrogen, and if

then the same quantity of alkali be again added to the solution,

a solution of the monosulphide is obtained. This remains colour-

less if the air be excluded, possesses an alkaline taste, and acts

on the skin as a strong caustic. When evaporated in a vacuum
at alow temperature, four- sided prisms are deposited, having the

formula K S + 5H 20.
2 If this aqueous solution be boiled, sul-

phuretted hydrogen is given off, and when exposed to the air it

becomes yellow from absorption of oxygen and carbon dioxide, and

formation, of potassium thiosulphate and potassium carbonate,

.he sulphuretted hydrogen which is liberated decomposing with

formation of water and sulphur, and the latter substance uniting

with the monosulphide to form higher sulphides. On shaking the

yellow solution with metallic copper it again becomes colourless.

Potassium Hydrosulphide, KSH. This substance was first

prepared by Gay-Lussac by heating potassium in dry sulphu-

retted hydrogen. He then observed that the same quantity

of potassium which was capable of evolving one volume

of hydrogen from water was able to combine with all the

sulphur in two volumes of sulphuretted hydrogen, liberating

half the hydrogen :

K
2 + 2H

2
S = H

2 + 2KSH.

Berzelius obtained the same compound by the action of

sulphuretted hydrogen on carbonate of potassium heated to dull

redness :

K
2
C03 + 2H

2
S = 2KSH + H2 + C0

2
.

This body forms a white or yellowish mass, which when heated

1
Bauer, Joum.prald. Chem. Ixxv. 246. 2

Schbne, Pogg. Ann. cxxxi. 380.
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to dull redness melts to a liquid, which at a higher temperature
becomes of a dark red colour. It is very soluble in water, and

the aqueous solution is very easily obtained by saturating

caustic potash solution with sulphuretted hydrogen. This forms

a colourless liquid which smells slightly of sulphuretted

hydrogen, has an alkaline and bitter taste, and on exposure to

the air becomes yellow, owing to the formation of higher

sulphides. "When exposed a still longer time to the action

of the air it becomes colourless, inasmuch as potassium thio-

sulphate is formed. If the concentrated solution be allowed to

evaporate over caustic lime or caustic soda in a vacuum, colour-

less glittering rhcmbohedral crystals separate out, having the

formula 2KSH + H2
0.

58 Potassium Trisulphide, K
2
S3 . If the vapour of carbon

disulphide be led over slightly ignited potassium carbonate

a mixture of the above compound with carbon is obtained.

In this case potassium thiocarbonate is first formed as a red

liquid, which then decomposes into the above mixture (Schone) :

(1) 2K9C03 + 3CS
2
= 2K

2
CS3 + SCO,.

(2) 2K;CS3
= 20 + 2K

2
S3.

The pure compound is also obtained by heating the tetra-

sulphide to a temperature of above 800. It forms a light-

brown crystalline mass soluble in water.

Potassium Tdrasidpliide, K2
S
4,

is formed w7hen one part of

potassium carbonate is melted with two parts of sulphur, and

sulphuretted hydrogen led through the fused mass as long as

water and sulphur are given off. It forms a reddish-brown

crystalline mass readily soluble in water, forming with it a cry-

stallizable compound which may also be obtained when potassium

monosulphide is boiled with the requisite quantity of flowers of

sulphur, and the solution allowed to evaporate in a vacuum.

Thin orange-red coloured tables are thus obtained having the

composition K 2
S4 + 2H

2 (Schone).

Potassium Pentasulphide, K
2
S
5,

is prepared by heating any

of the lower sulphides with sulphur at temperatures below (500.

It forms a red semi-transparent mass which melts upon heating,

and possesses a bitter and alkaline taste. When fused in a

current of steam potassium sulphate is formed (Drechsel):

K
2
S
5 + 4H

2
= K

2
S0

4 + 4H
2
S.

It is easily soluble in water, and its solution is likewise formed



ICO ALKALI METALS.

when an aqueous solution of any of the lower sulphides is

saturated with sulphur.

The sulphides of potassium are all decomposed by acids,

sulphuretted hydrogen being evolved, and sulphur-milk separat-

ing out in the case of the four latter compounds.
Liver of Sulphur or Hepar Sulphuris. This is an old name

given to a mixture of potassium polysulphides with potassium

sulphate, or potassium thiosulphate. It is obtained by gently

heating sulphur with carbonate of potassium in a covered vessel.

The composition of the liver-coloured mass trms obtained is

variable, according to the proportions in which the bodies have

been mixed and the temperature to which they have been heated,

Liver of sulphur was well known to the alchemists of the

middle ages. Stahl considered it to be a compound of the alkali

with sulphur, and called it
"
sulphurized alkali." He also knew

that it could be prepared by heating sulphate of potash with

carbon, and used this fact to prove that only one kind of

phlogiston exists (see Vol. i. p. 13). Liver of sulphur is used

in medicine, and is termed in the Pharmacopoeia, potassa sul-

phurata.

POTASSIUM AND NITROGEN.

59 Potassamide, NH2
K. This compound was discovered by

Gay-Lussac and Thenard in 1811. It is formed when potassium
is gently heated in ammonia gas ;

the metal melts, first becomes

of a bright blue colour, then green, and afterwards of a yellowish-
brown tint. It shrinks considerably on cooling, arid thus

becomes separated from the glass in which it is contained.

It burns with the evolution of bright sparks wrhen heated

in oxygen, and is decomposed in contact with water, often with

the liberation of light and heat :

NH
2
K + H2

= NH
3 + KOH.

Potassium Triamide, NK3 ,
forms a greenish-black infusible

mass obtained by igniting the foregoing compound in the

absence of air:

3NH2K = 2KFL 4 NK,.- o ' 3

At a very high temperature it decomposes into its constituent

elements, and takes fire in the air easily, burning with a dark
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reddish flame. It is violently decomposed when brought into

contact with water.

DETECTION AND ESTIMATION OF POTASSIUM AND ITS

COMPOUNDS.

60 The best indication of the presence of potassium compounds
is the violet colour which they impart to the non-luminous flame.

This tint is, however, not seen if even a small quantity of a

sodium compound be present. In this case the flame may be

observed through a blue cobalt glass, which absorbs the yellow

rays. It is however preferable to examine the flame by means of

the spectroscope. The spectium of potassium compounds thus

obtained contains only two characteristic lines : viz., K a in

the outermost red, approaching the ultra red rays and coincident

with the dark line A of the solar spectrum ;
and a second line

K /3, situated far in the violet rays, towards the other end of the

spectrum, also identical with a dark solar line. A very in-

distinct line exists coincident with Fraunhofer's B, seen only
\vhen the light is very intense, and this is not so characteristic.

Owing to the position of the two lines, K a and K /3, both situated

near the limit at which our eyes cease to be sensitive to the

rays, this reaction for potassium is not very sensitive, but y^^
of a milligram can be readily detected. The absorption

spectrum of potassium has been mapped by Eoscoe and

Schuster. 1 It is totally different from the emission spectrum

just described, being a channelled space spectrum. Observed

at a low temperature the green-coloured vapour exhibits a well-

marked series of bands, one group in the red (a) and two

groups (/3 and 7) at each side o'f the sodium line being seen.

These bands are all shaded off towards -the red, and in general

appearance resemble those of the iodine spectrum.
In order to separate soluble potassium compounds from other

metallic salts, they must be precipitated either as the per-

chlorate, the acid tartrate, or the platinum double chloride

K
2
Pt Cl

f>
.

This last compound is employed for the quantitative deter-

mination of potassium, and for the separation of this metal

from sodium. To the mixed chlorides an excess of platinum
tetrachloride is added, the liquid is then evaporated on the

water-bath, and the cooled residue mixed with strong alcohol, in

1 Proc. Roy. Soc. xxii. 362.
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which the excess of platinic chloride and the sodium double-salt

easily dissolve. The potassium double-salt is then collected,

dried and weighed.

The mixed chlorides of potassium and sodium can also be

weighed, and then converted into sulphates by treatment with

strong sulphuric acid, and the weight of these determined.

From these data the amount of potassium (?:)
and of sodium (?/)

present can readily be calculated when the molecular weights of

the several salts are known. Thus :

K - 39-04 Na = 22-99 K
2
= 78-08 Na

2
= 45'9S

Cl = 35-37 Cl = 35-37 SO, = 95-82 SO, =.- 95:82

74-71 58-36 173-90 141-80

If A represent the weight of the mixed chlorides and B that of

the mixed sulphates, w7e have :

^
58-36

39-04 * 22-99
1''

B _ 173-9 14V8~
78-08*

+ 45W
From which the values of x and

?/
can readily be obtained.

The atomic weight of potassium has been most accurately

determined by Stas. As a mean of 8 experiments he found

that 100 parts of potassium chlorate yielded 60-846 parts of

potassium chloride on ignition. Moreover, 69 103 parts of

potassium chloride were needed, as a mean of 19 experiments,
to precipitate 100 parts of silver from solution

;
and 100 parts

of silver, as a mean of 7 experiments, gave 132-8445 parts of

silver chloride. These experiments give the number 39-04 as

the mean for the atomic weight of potassium, the number
35-37 for that of chlorine, and the number 107'68 for that of

silver when O = 15-96.

SODIUM. Na = 22-29.

61 In the writings of the Old Testament (Jeremiah ii. 22}
we find a substance used for washing purposes mentioned as

nether. This same substance is mentioned in Proverbs as being
one which effervesces when vinegar is poured over it, and in our

version this substance is called nitre. In Luther's translation
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the name chalk is given to this body, but there can be little

doubt that by the word nether was meant trona, or the native

carbonate of soda, to which the names virpov in Greek and
niirum in Latin were applied.

At a later date the name nifcrum was given to saltpetre ;
but

up to the fourth century there is no doubt that nitrum signified

the carbonate of soda originally obtained from the salt lakes in

Egypt, to which the names flos salis and spuma nitri were given.
Eeasons for believing this are, amongst others, the facts stated

by Pliny, that in the first place this nitrum does not decrepitate
when thrown on the fire ("igni non exsilit nitrum") as saltpetre

does; that, secondly, it possesses a fatty touch, this property

being heightened by boiling it with lime
; thirdly, that the

nitrum is used both with and without oil in the baths (in

balineis utuntur (nitro) sine oleo) ;
and fourthly, that it is

largely used in the manufacture of glass.

The word nitrum was, as we have already remarked, long

indiscriminately applied to both soda and potash. The history
of the distinction between these two bodies has also been dwelt

upon. The terms soda and natron came into general use in

the fifteenth century to distinguish fixed alkali from nitre.

Metallic sodium was first obtained by Davy
1 in 1807, by

exactly the same process as that by which he prepared potassium

(see p. 55).

The sodium compounds occur very abundantly and are

universally diffused. Large quantities of sodium chloride,

NaCl, are found in extended deposits as rocksalt in different

parts of the world and in various geological formations, whilst

the same compound occurs in solution in sea-water, salt lakes,

salt springs, and many mineral waters. Sodium nitrate, or,

Chili saltpetre, NaNOg, is deposited in beds' several feet thick

in the rainless districts of Southern Peru and P>olivia
;
the car-

bonate, Na
2
C03 , and the sulphate, Na

2
S0

4 ,
are found either in

springs or as deposits in the beds of dried-up lakes. Many
minerals, especially nepheline, sodalite, albite, labradorite, con-

tain sodium silicate in considerable quantity, whilst traces of

sodium compounds occur in all silicates. Indeed it is difficult

to find any substance which does not contain traces of sodium,

as evidenced by the very delicate spectroscopic reaction.

Sodium compounds are also found in the bodies of vegetables

and animals. Plants growing in or near the sea contain sulphate,

1 Phil. Trans. 1808, pp. 5, 21.
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iodide, and chloride of sodium. The whole of the animal body,

especially the juices, is rich in sodium compounds, the carbonate,

chloride, and phosphate chiefly occurring, together with sodium

salts of organic acids.

Sodium salts are, however, not characteristic of vegetable life

in the same sense that potassium salts are. Thus, whilst the

latter alkali is always present in larger quantities in certain

organs of the plant than in others, sodium appears to be gene-

rally equally diffused throughout the whole organism. It is also

a remarkable fact that the sodium salts contained in the ashes

of plants are insoluble in water, as they combine with the phos-

phates of the alkaline earths to form insoluble compounds. For

this reason the presence of sodium compounds in the ashes of

plants has often been overlooked.

Duhamel and Cadet showed that if the plant Salsola Soda,

which grows near the sea, and which yields an ash rich in soda

salts, be transplanted to an inland situation, the ash gradually
loses soda and gains in potash, until at last the whole of the

former disappears. On the other hand, if inland plants are

grown near the sea the reverse change takes place (Correii-

winder).
62 Preparation of Metallic Sodium. Sodium, like potassium,

was first obtained in 1808 by Davy by electrolysis of caustic

soda, though according to him it is less easily prepared in this

way than potassium. Up to recent years sodium was manu-
factured by a process proposed by Brunner of igniting a mixture

of carbonate of soda and charcoal, and this method was im-

proved by Deville,
1 who showed that the manufacture of sodium

is simpler and easier than that of potassium as there is no

liability to explosions. This process, which is in principle the

same as that described for the manufacture of potassium, is,

however, a costly and uneconomic one, inasmuch as a con-

siderable quantity of the sodium is volatilized and burns
;
some

adheres to the receiver, and the reduction does not occur com-

pletely, so that in a well-conducted operation the sodium
obtained is only about one-third of the weight of the theoretical

yield, and, moreover, as it is necessary to expose the retorts to

a white heat they are rapidly burnt through and rendered use-

less. An improved method of manufacture was introduced by
Castner in 1886 by replacing the sodium carbonate by caustic

soda. The reaction is expressed as follows :

1 Ann. Chim. Phys. [3] xliii. 5.
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3NaOH + C = Na
2
C03 + 3H + Na

and the obvious disadvantages of (1) the use of costly caustic

soda, and (2) the theoretical yield being only one-third of the

quantity contained in the charge, are counterbalanced by the

fact that the reaction proceeds at a low red-heat, and that large

quantities of materials can be treated, and that the wear and

tear on the iron retorts are rendered less serious than when

higher temperatures are used.1

By this process, which was successfully worked for some time,

the price of sodium was materially reduced, but more recently
Castner has introduced another method of manufacture,which has

placed the sodium industry on an entirely new basis, and obviated

the great difficulties which necessarily beset all the older processes.
In this, the necessary temperature of decomposition rises only
a few degrees above 300C., and thus the wear and tear of the

apparatus is reduced to a minimum, whilst at the same time the

whole of the sodium is obtained as metal. In this process molten

caustic soda is electrolysed in large metal crucibles, so arranged
that the sodium and hydrogen liberated on the negative electrode

pass into asmall collecting chamber, from which the molten sodium

is periodically ladled. In the year 1808 Davy, with his battery of

100 cells, found it "impossible to produce the effects of de-

composition on pieces of soda of more than fifteen or twenty

grains in weight ;

"
the process has now been so amended that the

plant at the works of the Aluminium Company, Limited, at

Oldbury, manufacture about five tons of sodium per week.

When once the necessary conditions of temperature, current,

&c., are understood, the decomposition proceeds with regularity

and certainty, and the metal is produced at a cost considerably

less than was possible by the former methods. The production
of cheap sodium will doubtless enable this metal to be used for

a great variety of purposes for which the high price has hitherto

been prohibitory.

The sodium thus obtained is sufficiently pure for ordinary

purposes, and only requires to be remelted and then cast into

sticks about one inch thick and a foot long. These may be

preserved in closed vessels in dry air without undergoing any

appreciable oxidation for a long time. The sticks of metal

thus preserved become covered by a thin coating of oxide,

which prevents further oxidation. When in smaller masses it

is advisable to keep the sodium under petroleum.
1 Sec Roscoc, Proc. Jioy. Intl. London, 18S9.

57
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63 Properties. Sodium is a white metal possessing a high

silver-white lustre. It may be obtained in the crystalline condi-

tion by sealing up 100 grains of metal in a glass tube filled with

hydrogen. The sodium is melted at one end of the glass tube

and then allowed to filter through some wire-gauze placed in

a narrowed portion of the tube. The melted metal is thus

rendered perfectly free from oxide, and must be fused in

the clean part of the tube, allowed to cool partially, and then

the central liquid portion suddenly poured off from the solidi-

fied crust. According to Long
1 sodium crystallizes in the

quadratic system, forming acute octohedrons. The specific

gravity of sodium at was 'found by Davy to be 0'9348; more

accurate and more recent determinations of Baumhauer give

0'9735 as its specific gravity at 130-
5. At 20 sodium is

rather hard, at it is very ductile, at the ordinary temperature
it has the consistency of wax, at 50 it is semi-fluid, and it melts

at 95 0>
6 (Bunsen), forming a liquid resembling mercury in its

appearance. Sodium boils at 861 945 (Carnelley and Williams),

emitting a vapour which is colourless when seen in thin layers,

but of a peculiar purple colour by transmitted light when
seen in quantity (Roscoe and Schuster). It conducts heat and

electricity better than any of the metals with the exception
of silver, copper, and gold (Matthiessen), and next to ctesium,

rubidium, and potassium, it is the most electro-positive metal

(Bunsen).
When freely exposed to moist air sodium oxidizes like potas-

sium, although not quite so rapidly. It burns with a bright

yellow flame when heated in the air, forming the monoxide

and the dioxide. Thrown on to cold water it swims on the

surface, disengaging hydrogen and dissolving, but not evolving
heat enough to ignite the hydrogen. Brought into contact

with hot water, or thrown on to a thick paste of starch, the

evolved hydrogen ignites and burns with a yellow sodium-

tinted flame.

Sodium is used for the preparation of silicon, boron, mag-
nesium, and aluminium. Sodium-amalgam is employed in the

process of extracting gold from the quartzose rock in which it

occurs, and this amalgam, like sodium itself, is of great service

as a reducing agent in the laboratory.
Sodium forms with potassium an alloy which is liquid at tho

ordinary temperature, and looks like mercury. When it contains

1 CJicm. Soc. Journ. xiii. 123.
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16 parts of potassium to 10 parts of sodium this amalgam
becomes pasty at 8, and solidifies at lower temperatures. If

more potassium is contained in it the amalgam remains liquid
below 0. The amalgam is not only obtained by melting the

two metals together under rock oil, but also by adding sodium

to fused acetate of potassium when gases are rapidly evolved

and the amalgam is formed (Wanklyn).

SODIUM AND HYDROGEN.

64 Sodium Hydrogenide, Na
4
H

2 . When dry hydrogen gas is

passed over fused sodium at a temperature between 300 and

400 and under a pressure of 760mra the metal gradually absorbs

237 times its volume of hydrogen. The compound obtained

possesses a metallic lustre and a silver-white colour; its

specific gravity is
-959

;
it is soft at the ordinary temperature

and it fuses at a somewhat lower temperature than sodium. It

may be fused in hydrogen without undergoing any decomposi-

tion, but when heated to 330 it begins to evolve hydrogen gas,

and if heated in a Sprengel's vacuum pump, the whole of the

hydrogen is given off. In this way Troost and Hautefeuille1

were able to determine the composition of the compound. One
volume of sodium disengaged 237 volumes of hydrogen; the

volume required by the formula Na
4
H

2 being 238.

SODIUM AND OXYGEN.

65 Sodium forms two well defined oxides, a strongly basic

monoxide Na20, and a peroxide Na2 2
. In addition to these a

grey suboxide probably exists, formed when a clear surface of

the metal is first exposed to air.

Sodium Monoxide, N"a
2
0. Sodium does not oxidize in perfectly

dry air, but when heated it takes fire and burns with formation

of a mixture of the monoxide and peroxide. In order to obtain

the pure monoxide sodium hydroxide is heated with sodium :

NaOH + Na = Na
2 + H.

It is a grey mass having a conchoidal fracture
;

it molts at a

1 Ann. Chim. Phys. [5], ii. 273.
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dull red heat and undergoes volatilization at a still higher

temperature (Davy). Its specific gravity is 2'805. When

brought into contact with water violent action occurs, sodium

hydroxide being formed.

Sodium Hydroxide, Sodium Hydrate, or Caustic Soda, NaOH.

"When water is added to sodium monoxide or to the peroxide of

sodium great heat is evolved, and the hydroxide is formed, in the

latter case oxygen being liberated. The hydrate is also formed

when sodium is thrown on to water. In order to prepare it in this

way a piece of clean sodium of the size of a small nut is thrown

into a silver basin containing a few drops of water, and kept

cool in cold water. A second piece of metal is then added, and

a little more water, and so on, until about a pound of metal

has been used. Great care is needed in this operation, as the

fused soda is apt to be thrown about. The solution is evapo-

rated and the soda obtained in a fused state cast into sticks. 1

The hydroxide thus obtained is free from chloride, and sulphate

of sodium, and from alumina, silica, and oxide of iron. It is,

however, an expensive material used only for special purposes in

the laboratory.

For the purpose of preparing a cheaper material use is made

of the decomposition which sodium carbonate in dilute solution

undergoes in presence of quick-lime. On the small scale 3 parts

of soda crystals are dissolved in 15 parts of boiling water and a-

quantity of milk of lime, obtained by slaking 1 part of lime

with 3 parts of water, is added little by little to the boiling

liquor. The liquid after boiling is tested from time to time, and

when found free from carbonic acid, treated as has been described

under caustic potash.

Caustic soda is a white opaque brittle solid with fibrous tex-

ture. Its specific gravity is 2 13 (Filhol), and it melts below a

red heat and is rather less volatile than potash. It deliquesces
in the air and when moist absorbs carbon dioxide, and acts as a

powerful cautery. When heated to the melting point of cast-

iron, caustic soda decomposes into its elements (Deville).
2

Hydrated Caustic Soda, 2NaOH + 7H
2
0. This hydrate is

deposited in large transparent tabular crystals when a solution

of soda-ley of specific gravity 1-365 is exposed to a temperature
of -8. These crystals melt at 6, yielding a liquid having a

specific gravity of 1 405 (Hermes).
3

1
Engineer, 1867, p. 225. Comptes rendus, xlv. 857.

3
Fogg. Ann. cxix. 170
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According to G. Eose these crystals belong to the monoclinic

system.
1

Soda-ley. The following table gives the specific gravity of

soda-ley at 15, according to the experiments of Schiff.2

Percentage of

NaOH.
1

5

10

15

20

25

Caustic soda is a most useful substance, and is largely used

fur many industrial processes, its chief employment being in the

manufacture of soap. A description of the method used for its

preparation on the large scale will be found in the sequel.

Sodium Dioxide, N
2 2

. Sodium when heated in oxygen
oxidizes in the same way as potassium, and sodium dioxide

is formed (Harcourt).
3 This oxide is also formed when

sodium nitrate is ignited (Gay-Lussac and Thenard).

Sodium dioxide has a pure white colour, but it becomes

yellow on heating, regaining its white tint when cold. When

exposed to the air it deliquesces, then absorbs carbonic acid,

and ultimately forms a solid mass of carbonate. The dioxide is

not decomposed on heating ;
when thrown into water, heat

is evolved and caustic soda and oxygen formed
;

if the water

be added gradually the dioxide dissolves, and this solution if

allowed to evaporate spontaneously deposits large tabular

hexagonal crystals of the hydrate, Na
20.2 + 8H20, and these

when dried over oil of vitriol lose three- fourths of their water,

giving rise to a second hydrate, Na 2 + 2H
2O. Sodium dioxide

absorbs carbon monoxide gas with formation of sodium car-

bonate :

Na
2 2 + CO = Xa

2
C03.

Carbon dioxide is likewise absorbed, and then one atom of

oxygen is liberated :

Loc. cit.
8 Ann. Pharm. cvii. 300.

3 Chcm. Soc. Journ. xiv. 276.
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The first hydrate is also precipitated when alcohol is added to

a mixture of the aqueous solutions of caustic soda and per-

oxide of hydrogen. For this purpose a solution of caustic soda

containing 20 per cent, of NaOH is mixed with one of hydrogen

peroxide containing 5 per cent, of H
2 2 ,

and alcohol of 80 per
cent, added in excess. The precipitated hydrated peroxide can

be filtered and dried without decomposition (Fairley).
1

When "sodium dioxide is heated with phosphorus, brilliant

incandescence occurs. The dioxide combines with nitric oxide

when heated nearly to its melting-point, sodium nitrite being

produced.

SALTS OF SODIUM.

66 Sodium Chloride, or Common Salt, NaCl. Davy states that

sodium takes fire when brought into chlorine gas. Wanklyn
2

has, however, shown that dry chlorine does not attack sodium

even in the melted state. Probably Davy's chlorine was moist.

Metallic sodium also retains its brightness in liquid chlorine

at -80.

Chloride of sodium occurs as rock-salt in large deposits in

various geological strata, in solution in sea-water and brine

springs, and in small quantities in all running water.

The chief European deposits of salt occur in the trias formation.

The most important are those at Northwich and "Wmsford

in Cheshire, at Wielizca in Galicia, at Reichenhall, Hallein,

and other localities in the Tyrol, and at Stassfurt in the north of

Germany. Eock-salt also occurs in France, Spain, and Switzer-

land, and in Asia, Africa and America, in various localities.

The Cheshire salt-beds occur in the keuper (triassic) beds.

They are two in number, separated by about 30 feet of clay ;

they are together about 60 yards thick, and extend over an area

of i6 miles by 10.

The methods adopted for raising and working the salt differ

widely, according to the nature of the deposit and its situation.

Sometimes the rock-salt is mined and brought up to the surface
;

generally, however, salt-springs or brine-wells are artificially

constructed by sinking a bore-hole through the overlying strata

to the salt-bed, and allowing water to pass down this boring.

The water soon becomes saturated with salt, and it is then

1 Chem. Soc. Journ. 1877, i. 125. 2 Chcm. Few, xx 271.
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pumped up and the salt obtained by evaporation, either by
means of fuel or by exposure to air.

Owing to the presence of cheap fuel and water carriage the

quantity of salt raised in England is much larger than that

obtained in any other country. No less than 1,821,978 tons

of salt were obtained from English brine in the year 1891, and
in addition 18^,284 tons were raised as rock-salt.

FIG. 12.

67 The process of evaporating the brine, 100 parts by weight
of which in Cheshire usually contain 23'3 parts of salt, is of the

simplest kind. Indeed it has not been improved since the time

of the Bomans, and although very numerous patents for the

purpose have been taken out, no economy in fuel has been
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effected. The brine is evaporated in large shallow iron pans

heated by means of fires placed beneath. The appearance and

quality of the salt which deposits depends upon the temperature

at which the brine is kept and the rapidity with which the

process of evaporation is conducted. One ton of salt needs for

its production the consumption of about 10 to 12 cwt. of slack

or small coal. The Cheshire brine contains about 1'65 per

cent, of calcium sulphate, CaSO
4,

and about O'Oo per cent,

of magnesium chloride, MgCl.2. The first of these salts is

deposited as pan-scale when the brine is boiled down.

In Germany, where fuel is dear, the brine is evaporated by

exposing it to the action of the air by a process termed "gradu-
ation." After having been allowed to trickle several times over

high walls of fagots and thus become more concentrated, it is

boiled down in pans. The arrangement used for this purpose is

shown in Fig. 12.

Preparation of Salt from Sea-water. The evaporation of

sea-water in salterns, or brine-pans, by the aid of air and the

sun's heat has been carried out frpm very early times. In

England, at Hayling Island near Portsmouth, and at Lymington,
and in Scotland at Saltcoats on the Ayrshire coast, such

salterns are now in use.

In countries more favoured by sunshine, such as the coasts of

France, Portugal and Spain, these salterns are more numerous

than with us. When this salt, termed Bay-salt, is deposited, a

mother-liquor called Bittern is left. This consists of the

chlorides, sulphates, and bromides of magnesium and potassium,
and from this, bromine is obtained.

All common salt contains a small quantity of sodium sul-

phate, calcium sulphate, and magnesium chloride. The presence
of the last compound renders the salt liable to become damp
.in the air. This same substance likewise not unfrequently
attacks the iron pans, causing the presence of traces of ferric

chloride in the salt.

In order to prepare chemically pure sodium chloride from
common salt, hydrochloric acid gas is passed into a saturated

solution of salt. A precipitate of the pure chloride is thrown

down, the alkaline sulphates and magnesium chloride remaining
in solution. The precipitate is thrown on a filter, washed with
concentrated hydrochloric acid, and then dried and fused in a

platinum basin.

Properties Sodium chloride crystallizes in cubes. Eock-
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salt is usually found in cubical crystals, sometimes, however,
in octahedrons and intermediate forms. It possesses an agreeable
saline taste. Its specific gravity at is 216, and its hard-

ness 2-5. Rock-salt is highly diathermanous, or it permits the

heat-rays, dark as well as visible, to pass through it. Hence it

is a valuable substance in thermal researches. Sodium chloride

melts at 776 (Carnelley), and crystallizes on cooling. It begins
to volatilize at temperatures not far removed from its melting

point, and hence it cannot be fused without loss (Stas).

When heated with silicic or boric acid, sodium chloride is

decomposed, with liberation of hydrochloric acid and formation

of a silicate or borate. It has been proposed to utilize the

former of these reactions for the manufacture of carbonate of

soda, but without practical success. Sulphuric acid decomposes

it, hydrochloric acid, and hydrogen sodium sulphate being formed.

According to the experiments of Poggiale,
1 one hundred parts

of water dissolve the following quantities of sodium chloride at

the corresponding temperatures :

Temp. 5 14 25 40 60 80 100 3097
NaCl. 5-5 2 35 63 35'87 3613 36'64 37'25 38'22 3916 40-35

Hence sodium chloride is not, as was formerly supposed to be

the case, equally soluble in cold and in hot water. The specific

gravity of salt solutions of different strengths is, according to

Geiiach,
2 as follows :

Percentage of NaCl. 5 10 15 20 25

Specific Gravity at 15. 1 '03624 T07335 111146 115107 119228

Brine containing 26'27 parts of salt in 100 boils at 108'8

when the thermometer is placed in the liquid (Guthrie).

Chloride of sodium dissolves in aqueous alcohol, although

nearly insoluble in absolute alcohol
;
the solubility increases in

this case regularly with the temperature.

When the temperature of a saturated solution of sodium

chloride is lowered to 10 a crystalline hydrate separates out 3

having the composition NaCl + 2H
2
0. When brine is further

cooled to 22 acicular bundles of crystals separate out. These

1 Ann. Chim. PJ>ys. [3], viii. 469.
2
Gerlach, Zr.itschr. Anulyt. Chem. viii 279.

3
Lowitz, Crcll. Ann. 1793, i. 314.
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when remelted at different times, show that the cryohydrate
NaCl + 10H

2
is formed (Guthrie).

1

Ekman in his investigation
2 on the composition of sea-water

found that the amount of sodium chloride in sea-water can be

obtained by a simple calculation if the specific gravity of the

brine at 15 be given. For this purpose it is only necessary
to multiply the four first decimals of the specific gravity with

the number 0'013. Thus a specific gravity of 1 0166 gives a

percentage of 216 of NaCl, a number closely agreeing with that

obtained from Gerlach's tables.

68 Sodium Bromide, NaBr, and Sodium Iodide, Nal, are pre-

pared by processes similar to those employed in the case of the

corresponding potassium salts. Like these latter the sodium

salts crystallize from their hot concentrated solutions in an-

hydrous cubes, whilst if the solutions be allowed to evaporate
at the ordinary temperature, monoclinic prisms are deposited.

These contain two molecules of water of crystallization and

are isomorphous with the corresponding hydrate of sodium

chloride.

Sodium Hypoclilorite, NaOCL This compound is only known
mixed with sodium chloride, in the liquid obtained by passing
chlorine into a solution of caustic soda. This was formerly
known as chloride of soda or Labarraque's liquor.

Sodium Chlorate, NaClO3. This salt is obtained by neutral-

ising carbonate of soda with aqueous chloric acid, or by boiling

nine parts of chlorate of potash with seven parts of sodium

siiico-fluoride. Sodium chlorate crystallizes in regular tetrahe-

drons, the solution depositing large crystals on cooling. This salt is

much more soluble than the corresponding potassium compound.

According to Kremers, 100 parts of water dissolve at

20 40 60 80 100 120

Parts of NaC10
s

81-9 99 123'5 1471 175 6 232-6 333-3

The specific gravity of the solutions is as follows :

Percentige 10 15 20 25 30 35

Specific Gravity 1-070 1-108 1-147 1190 1'235 1'282

It is also soluble in alcohol. Owing to its great solubility

chlorate of soda is now manufactured for the use of the calico-

printer in the production of aniline black.

1 Phil. Mag. [4], xlix. 9.
2 Ber. Deutsch. Chem. Gcs. iv. 749.
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This salt when heated evolves but little oxygen (Schlossing),
and a mixture of sodium chloride and sodium perchlorate, NaC104 ,

is formed. This last salt is extremely soluble in water, and

crystallizes in deliquescent tables (Serullas).

69 Sodium Hyposulphite, NaHS02 . For the purpose of pre-

paring this salt a concentrated solution of acid sulphite of

sodium placed in a well-corked bottle is brought into contact

with zinc turnings or clippings. The mixture is kept cool and
the materials allowed to remain in contact for about half an
hour. A white precipitate of zinc sodium sulphite is then

deposited, and the clear solution must be poured off into three

times its volume of strong alcohol. A bottle is then completely
filled with this alcoholic liquid and tightly corked. A second

crop of crystals of the last-named salt soon begins to separate

out, and as soon as this has deposited, the liquid is again

poured off into bottles which are filled and corked as before

and then allowed to stand for some hours in a cool place.

Sodium hyposulphite soon separates out in the form of fine

needle-shaped crystals, which must be quickly pressed between

folds of blotting-paper and dried in a vacuum. The salt thus

obtained generally contains some zinc sulphite, although pure

enough for most purposes. It can be purified by solution in

water and reprecipitation by the addition of alcohol.

Sodium hyposulphite is now used by the dyer and calico-

printer as a reducing agent for indigo, and it is also used in

the laboratory for the purpose of estimating free oxygen or the

quantity of that element contained in substances which easily

evolve oxygen.
A solution of this salt can readily be obtained for laboratory

purposes by digesting zinc clippings for half an hour with a

solution of 100 grams of hydrogen sodium sulphite having a

specific gravity of 1-245, air being excluded from the solution.

It must then be diluted with one liter of water, and 20 grams
of caustic lime added in the form of milk. This precipitates

the zinc oxide and calcium sulphite, and the clear solution is

filled into bottles which are well corked and kept with their

necks under water.

70 Normal Sodium Sulphite, Na
2
S03 . The anhydrous salt is

obtained by heating a cold saturated aqueous solution of the

hydrated salt. The hydrate containing seven molecules of

water is obtained by saturating a solution of sodium carbonate

with sulphur dioxide and then adding the same quantity of
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sodium carbonate. The crystals which are deposited from this

solution are transparent, and form prisms belonging to the

monoclinic system. They dissolve slightly in aqueous alcohol,

and when heated to 150 lose the whole of the water. The

solution has an alkaline reaction and a sharp taste.

Crystals of the hydrate, Na,S03 + lOH.O, are obtained,

according to Muspratt, by allowing the aqueous solution to

evaporate over sulphuric acid.

Hydrogen Sodium Sulphite, NaHS03
. If a solution of sodium

carbonate be saturated whilst cold with sulphur dioxide, this

salt separates out in turbid crystals, and alcohol precipitates

it from its aqueous solution as a white powder. It has an

acid reaction, smells of sulphurous acid, and has an unpleasant

sulphurous taste.

Sodium Disulpkite, Na S
2 5 ,

is a white soluble salt, obtained

in a similar manner to the corresponding potassium com-

pound.

71 Normal Sodium Sulphate, !N"a
2
S0

4
. This compound is com-

monly known in the anhydrous state by the commercial name
of Salt-cake, whilst the hydrate, Na

2
S04 + 10H

20, is called

Glauber's salt. We find the first mention of this salt in

Glauber's work De naturd salium, published in 1658. He
obtained it as the residue left in the preparation of hydro-
chloric acid by the action of oil of vitriol upon common salt

}

and believed this simple aperient to be possessed of most

valuable medicinal properties, whence it came to be known
as Sal mirabile Glauberi.

The salt occurs native in the anhydrous condition as thenar-

dite, and in solution in sea-water and in the water of salt-

lakes, as well as in large quantities in certain mineral springs.
Thus the water at Friedrichshall contains large quantities of

this salt, which since 1767 has been obtained by evaporation
and used in medicine as Sal aperitivum Fridcricianum. A
native compound of sodium sulphate with calcium sulphate
termed glauberite is also found in several localities.

Sulphate of soda is prepared on an enormous scale as salt-

cake, the first step in the manufacture of carbonate of soda,
no less than 700,000 tons having been produced in the year
1876 in the United Kingdom. For this purpose common salt is

decomposed either by sulphuric acid or by the combined action

of sulphur dioxide, air, and aqueous vapour. The details of
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these processes will be described under the head of the soda

manufacture.

Sulphate of sodium is also obtained as a residue in many
chemical operations, especially in the preparation of nitric acid

from Chili saltpetre in the sulphuric acid manufacture.

If ordinary Glauber's salt be allowed to remain exposed to the

air, or more quickly if heated, the anhydrous salt is obtained,

and if a solution of Glauber's salt saturated, at about 35 be

slightly heated, rhombic crystals of the anhydrous salt separate

out. These are identical in form with crystals of thenardite, and

isomorphous with those of silver sulphate, Ag2
S04

. Sodium

sulphate possesses a saline bitter taste, has a neutral reaction, and

does not dissolve in alcohol. When heated on charcoal before

the blowpipe, sodium sulphide is formed. The specific gravity of

the solid salt after fusion at a red heat is 2'6313.

72 Hydrated Sodium Sulphate. The deca-hydrate, Na,,S0 4 +
10H

20, commonly known as Glauber's

salt, crystallizes from aqueous solution

at the ordinary temperature in large

colourless monoclinic prisms (Fig. 13),

which are isomorphous with chromate

and selenate of sodium. These crystals

effloresce on exposure to dry air, they FIG. 13.

melt in their water of crystallization at

33, and lose the whole of it below 100. One hundred parts

of water dissolve the following quantities of the anhydrous
salt :

At 10 20 30 34 40

Na
2
S04 5-02 9'00 19*40 40'00 55*00 48-8

At 50 60" 70 80 90 100 103'5

Na
2
S0

4
46-7 45'3 444 437 431 42-5 42-2

From these numbers it is seen that a maximum of solubility

occurs about 34. Above this point the deca-hydrate begins

to decompose and the anhydrous salt is formed, and the

solubility of this is less at high than at low temperatures.

According to Loewy, sodium sulphate can dissolve in three

conditions, in water, either as the deca- or hepta-hydrate, or as

the anhydrous salt. The saturated solution boils at 103'5.

Glauber's salt readily forms supersaturated solutions. These

crystallize suddenly, when a small crystal of the salt is thrown

into the liquid, or when the solution is cooled down to 8
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This rapid solidification is accompanied by a considerable rise of

temperature.
The Hepta-Hydrated Salt, Na 2

S0
4 + 7H

20, is deposited in hard,

clear, rhombic crystals when a supersaturated solution of the

deca-hydrate is allowed to cool below 12, or .when such a

solution is covered with a layer of warm alcohol of specific

gravity 0'835.

73 Hydrogen Sodium Sulphate, NaHS04. This salt, commonly
known as bisulphate of soda, is obtained in large triclinic prisms

when equivalent quantities of sodium sulphate and sulphuric

acid are dissolved in water and the solution evaporated at a

temperature above 50. Like the corresponding potassium salt

it is decomposed by alcohol at once into sulphuric acid and the

normal salt. A hydrated salt, NaHS04 + 2H20, is also known.

Sodium Disulphate, Na
2
S

2
O

7 ,
is formed by heating sulphur

trioxide together with common salt (Rosenstiel) :

2NaCl + 3SOS
= Na

2
S
2 7 + S0

2G\

The same compound is formed by the gentle ignition of acid

sodium sulphate. When more strongly heated, it yields sulphur
trioxide and normal sulphate.

Sodium T/iiosulpkate, Na2
S2 3 + 5H

2
0. This salt, discovered

in 1799 by Chaussier, arid better known by its old name of

hyposulphite of soda, is prepared on the large scale for use as

an antichlor in the paper manufacture, and as a solvent for

the unaltered silver chloride in photography. It is obtained

by boiling sulphur with soda-ley, and passing sulphur di-

oxide into the yellow solution until it is

colourless, or by boiling sodium sulphite

with sulphur. A cheaper process is to de-

compose the soluble calcium thiosulphate

obtained by the oxidation of alkali-waste,

either by means of sodium carbonate or

sodium sulphate. The solution of sodium

thiosulphate is drawn off from the carbon-

ate or sulphate of calcium and evaporated

FIG. 14. down in iron pans.

Sodium thiosulphate forms large trans-

parent prisms belonging to the monoclinic system shown in Fig.

14. The salt is odourless, possesses a cooling taste, does not

give an alkaline reaction, nor does it undergo alteration in

the air. The crystals melt in their own water at 45, and
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when heated to 215 all the water is driven off, whilst at 220

they decompose with separation of sulphur fPape). The salt

has a specific gravity of T672, is very soluble in water, but does

not dissolve in alcohol.

The aqueous solution cannot be preserved for any length of

time without decomposition, as it deposits sulphur and is

partially converted into sulphate. Sodium thiosulphate is repre-

sented by the formula S0
2 j *J*

When treated with sodium amalgam it yields sodium sulphite

and sodium sulphide :

Na
2
S

2 3 + Na
2
= Na

2
S0

3 + Na
2
S.

74 Sodium Nitrate, NaN0 3 . This salt, commonly known as

cubic saltpetre or Chili saltpetre, is of special historical interest

as it was by the examination of differences in crystalline form

exhibited by this compound and ordinary nitre that the distinc-

tion between the alkalis potash and soda was first observed

by Bohn in 1683. Boyle, somewhat later, noticed that cubic

saltpetre was formed in the preparation of aqua regia from

common salt and nitric acid, and Stahl first pointed out the

distinct character of the alkali-basis of common salt, and fully

described the preparation of cubic saltpetre.

Sodium nitrate occurs in nature as a wide-spread deposit in

the rainless districts of South Peru and Bolivia. In these beds

it is associated with common salt, gypsum, and sodium sulphate,

the crude material containing from 27 to 65 per cent, of the pure
salt. This is purified by solution and crystallization. After re-

fining, the salt contains about 97'7 per cent, of pure nitrate, 1'8-i

of sodium chloride, 0*35 of sodium sulphate, and O'll of water.

The best mode of separating out the last 2 per cent, of

sodium chloride is to add to the boiling and saturated solution

one -tenth of its weight of nitric acid, stir it until cool, and

collect the precipitated nitrate, which may then be washed by
a dilute acid and afterwards dried.

Sodium nitrate crystallizes in obtuse rhomboheclrons. whose

interfacial terminal edge angle is 106 36' (Fig. 15), and is there

fore isomorphous with calc-spar. The isomorphism of these two

salts can be clearly shown by suspending a crystal of calc- spar

in a saturated solution of sodium nitrate, when the crystal will

increase in size from the deposition of the latter salt.
1

According
1
Senarmont, Comptes Rcndus, xxxviii. 105.
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to the view formerly held, viz., that salts are formed by the

union of an acid with a basic oxide, this isomorphism could not

be explained, since the two salts must then be assumed to have

a different constitution, the one being N2 5 + Ka
20, and the

other C0
2 + CaO. This difficulty is

removed when we employ the formula}

now in use, viz., CaC03 and XaN0
3 ,

which contain the same number of

atoms in the molecule.

The specific gravity of the salt is

2'26. It melts without decomposition

FIG. 15. at 310-5 (Person), 330 (Carnelley), and

when ignited undergoes decomposition
with evolution of oxygen, nitrogen and nitrous fumes. It is

very soluble in water, and deliquesces when exposed to moist

air. 100 parts of water dissolve :

At- 6 10 20 40 60 80 100 111

Parts 638 72'9 80 8 87'5 102 122 148 180 2uO

This salt also dissolves in alcohol. 100 parts of spirit, contain-

ing 61'4per cent, of alcohol, dissolve at 26 2T2 parts of sodium

nitrate. It does not deflagrate so violently as nitre with

charcoal or other inflammable bodies, but it has sometimes been

used for making blasting and other powders which are not

required to fire quickly.

Sodium nitrate is largely used in the manufacture of nitric acid

as it is much cheaper than nitre
;
it is also employed as an ingredi-

ent in artificial manures and especially as a top-dressing for barley.

Sodium Hypophosphite, NaH2
P0

2+H2
0. This salt is obtained

by adding sodium carbonate to a solution of calcium hypo-

phosphite, and allowing the solution to evaporate in a vacuum.

Pearly tabular crystals are deposited, which deliquesce on expo-
sure to the air, and are easily soluble in absolute alcohol. It is

now employed in medicine for the same purposes as phosphorus.

75 Sodium Phosphates. These well-defined salts exhibit clearly

the characteristic properties of phosphoric acid. From Graham's

researches we first learnt that phosphoric acid exists in three

modifications :

Ortliophosphoric Acid. Pyre-phosphoric Acid. Metaphosphoric Acid.

H
3P0 4

H
4
P

2 7
HP03
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Each of these can be converted into either of the other com-

pounds, and to each corresponds a series of salts, viz. : tribasic

orthophosphates, tetrabasic pyrophosphates, and monobasic

meta-phosphates. As the acids, so the salts of one series can be
transformed into those of another series.

Sodium Orthophosphates. As orthophosphoric is a tribasic

acid, three sodium salts exist according as one, two, or three

atoms of the hydrogen in the acid are replaced by metal :

(1) Trisodium or normal sodium orthophosphate, Na3
PO

4 -f

12H
2
0.

(2) Hydrogen disodium orthophosphate, Ka 2HPO4 -f 1 2TT
20.

(3) Dihydrogen sodium orthophosphate, ISTaHJPO, + 4H
4O.

These all give yellow precipitate's of trisilver phosphate, Ag3
PO

4,

when their solutions are brought into contact with silver nitrate.

Normal Sodium Orthopfiosphate, Na
3P04

. This salt, first de-

scribed by Thomson 1 as phospho-carbonate of soda, is prepared

by adding at least half as much caustic soda as it already con-

tains to a solution of the next salt, common phosphate of soda,

and evaporating to the point of crystallization. The hydrated
salt crystallizes out, the mother-liquid retaining only the ex-

cess of caustic soda. The crystals freed from the liquor are

rapidly dissolved in twice their weight of hot water, the liquid

filtered, and then left to crystallize (Graham). The anhydrous
salt may be obtained by fusing common phosphate of soda,

or pyrophosphate, with an excess of carbonate of soda. The

pyrophosphate is not altered by boiling with caustic soda

(Graham).
The crystals, which contain 12 molecules of water, form thin

six-sided prisms, which do not change on exposure to air, and

have a specific gravity of 1-618. They melt at 76'7, and at 100

lose all but one molecule of water, which is given off at a red-

heat. 100 parts of water at 15*5 dissolve 19'6 parts of the salt.

Nitrate of silver produces a yellow precipitate of trisilver

phosphate :

Na
3P04 + 3AgN03

= Ag3
P0

4 -i- 3Na3N03.

Hydrogen Di-SodiumOrthophosphate, Naa
IIPO

4
. This salt is

the common phosphate of soda, which was first prepared from

urine, and described in 1740 by Haupt under the name of sal mi-

rdbileperlatum. It was afterwards obtained by neutralizing phos-

phoric acid with soda,and in 1787 was introduced as a medicine by
1 Ann. Phil. xxvi. 381.

58
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Pearson. It occurs in the blood of animals, and especially in the

urine of the carnivora. It is best prepared from bone phos-

phoric acid by adding carbonate of soda so long as effervescence

occurs. The precipitated phosphates of calcium and magnesium
are then filtered off, and the liquid boiled

down and allowed to crystallize. The

large transparent crystals which deposit
are monoclinic prisms (Fig. 16) contain-

ing 12 molecules of water of crystalliza-

tion. They have a specific gravity of

1*525, and melt at 35, and are isomor-

phous with the corresponding sodium

hydrogen arsenate Na,HAs04 + 12H
2O.

Exposed to air the crystals effloresce, but

do not lose their form; and when dried

over sulphuric acid at the ordinary tem-

FIG. 16. perature, or when gently heated to 45,

they lose all their water of crystallization.

The following is the solubility of this salt in 100 parts of

water :
1

At 0" 10 20 30"

Na
2
HP0

4
25 3-9 9-3 241

80 90 99

96-6 97-8 98-8.

40"

63 :

9

50

82-5

60 70"

91-6 95-0

The saturated solution freezes at - 0<
45, and boils at 105.

This salt is insoluble in alcohol
;

it possesses a cooling saline

taste, and turns red litmus solution blue. When brought into

contact with nitrate of silver solution, a yellow precipitate of

yellow trisilver phosphate is thrown down, and the solution

becomes acid from liberation of one-third of the nitric acid

(Clark) :

P0 -f HM)Na
2HP04 + 3AgX03

= A

Common phosphate of soda is used as a mild purgative. The
commercial salt frequently contains sulphate of soda as an

impurity. This can be removed by recrystallizing the phosphate
from hot water.

Di-kydrogen Sodium Phosphate, NaH 2
P0

4
. To prepare this salt

phosphoric acid is added to a solution of common phosphate of

soda, until the mixture no longer precipitates chloride of barium.

1
Mulder, Scheidekund. Vcrhand. 1864, p. 100.
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It is. then evaporated to small bulk, and allowed to stand for

some days to crystallize (Mitscherlich). This salt is dimor-

phous ;
two kinds of large transparent crystals separate out,

both of which belong to the rhombic system, and contain 4

molecules of water, but which are distinguished by difference

in the lengths of their axes.

The crystals have an acid reaction, and a specific gravity of

2-04. They lose all their water of crystallization at 100 and
at 204 lose one molecule of constitutional water (Graham) with

formation of acid pyrophosphate :

2NaH
2
P0

4
= Na2H2

P
2 7 + H2

0.

At 240 they give off the whole of their water and form mono-

nietaphosphate :

Di-hydrogen sodium phosphate is very soluble in water, but

not in alcohol. Silver nitrate produces a yellow precipitate of tri-

silver phosphate, and two-thirds of the nitric acid is liberated :

NaH,P04 + 3AgN08
= Ag3

P0
4 + NaN0 3 -f 2HNOS

.

Sodium Pyrophosphates. These salts are tetrabasic. They give

white precipitates with silver nitrate of silver pyrophosphate,

Ag4P2 7
. They do not coagulate albumin. Their solutions

when boiled with an acid, yield tribasic salts.

Normal Sodium Pyrophosphate, Na4
P

2 7 + 10H
20. This salt

is obtained in the anhydrous state as a colourless glassy mass

by igniting the common phosphate of soda. When it is dissolved

in water, and the solution evaporated, crystals of the deca-

hydrate are deposited in monoclinic prisms. The solution

has an alkaline reaction. It is not converted into ortho-salt by

boiling alone, but this conversion takes place rapidly on addition

of an acid, even acetic, to the boiling solution (Stromeyer).

When gently heated, or exposed over sulphuric acid in a vacuum,

it loses all its water. 100 parts of water dissolve the deca-

hydrate as follows :

At 10 20 30 40 50 60 80. 100

541 6-81 10-92 1811 2497 33-25 44'07 6340 93-11

Di-hydrogen Sodium Pi/phosphate, Na
2
H2
P

2 7
. This salt is

prepared by heating the common tribasic phosphate to 150 with

strong hydrochloric acid, or by heating the tribasic di-hydrogen



124 ALKALI METALS.

salt to a temperature of from 190 to2 Oi
3

,
when it loses two

molecules of water (Graham). It may also be prepared by dis-

solving the normal pyrophosphate in acetic acid and precipi-

tating by alcohol. It is thus obtained as a whito crystalline

powder, easily soluble in water. The solution has an acid

reaction.

Sodium Metaphosphaies. These salts, which were first dis-

covered by Graham, are monobasic, and are remarkable as

existing in several polymeric modifications possessing very
different properties. With silver nitrate, their solutions give

white precipitates of silver inetaphosphate, AgP03 . They are

distinguished from the pyrophosphates inasmuch as they yield

a white precipitate with albumin. They do not give a yel-

low precipitate with molybdate of ammonia until an ortho-

phosphate is formed by the presence of free nitric acid. The
sodium metaphosphates are as a rule soluble in water; the

mono-metaphosphate, discovered by Maddrell, is an exception
to this rule, as it does not dissolve in water.

Sodium MonometapJwsphate, NaP0
3 ,

is always formed when
caustic soda is strongly heated with a slight excess of phos-

phoric acid.1 It is likewise obtained by heating the di-hydrogen

orthophosphate for some minutes to redness
;
the residue is for

the most part insoluble, and consists of monometaphosphate

(Graham). When two parts of nitrate of sodium are fused with

one part of syrupy phosphoric acid, a dense white powder is left on

washing the fused mass with water. This salt, though insoluble

in water, is soluble in acids, and on boiling with caustic soda it

is transformed into the orthophosphate (Maddrell).
2

Sodium Dimetaphosphate, Na
2
P

2
O

6 4 2H
2
0. This salt is ob-

tained by decomposing copper di-metaphosphate with a boiling
solution of sodium sulphide. One part of this salt dissolves in

7'2 parts of water, and crystallizes in fine needles. This meta-

phosphate possesses a strong tendency to form double salts.

Thus a salt having the following composition, NaKP
2
O

fi,
H

20,

is obtained when the mixed solutions of the simple salts are

crystallized.
3

Sodium Trimetaphosphate, Na3
P

3 9
+6H 0. This salt is some-

times termed the crystallizable metaphosphate. It is prepared,

according to Graham, by exposing microcosmic salt, Na(XH4 )

HP0
4 + 4H

20, to a moderate heat, or, according to Fleitmann

1
Fleitmann, Fogg. Ann. Ixxviii. 361. * Clicm. Soc.

'

Journ. iii. 373.
3
Fleitmann, Pogg. Ann. Ixxviii 246.
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and Henneberg,
1
by allowing the fused salt to cool slowly. Fine

crystals may be obtained by allowing the concentrated solution

to evaporate spontaneously in a shallow vessel. They form

triclinic prisms which dissolve in 4'5 parts of cold water. The

solution in cold water is permanent and is neutral, but on boiling
it soon becomes acid from formation of the hydrogen ortho-

phosphate.
Sodium TctramelapJiosphate, Na 4 4

P
4 8 + 4H2

0. Prepared by

decomposing the corresponding lead salt with sodium sulphide.

The sodium salt forms a thick gum-like solution which niters

with difficulty. On evaporation a transparent colloidal mass is

obtained. When heated it is converted into the next salt.

Sodium Hexamctaphosphate, Na6 6
P

6 12
. This, often called

deliquescent, vitreous, or Graham's metaphosphate, is prepared

by fusing either the di-hydrogen orthophosphate or microcosmic

salt. The melted mass must be quickly cooled, as if cooled slowly

trimetaphosphate may be formed. This dissolves easily in water
;

the solution possesses a slightly acid reaction, and if evaporated
at 38 leaves a gummy mass. The aqueous solution does not

undergo any change, even when boiled with caustic soda.

Sodium hexametaphosphate is very readily soluble in alcohol.2

76 Sodium Arsenatcs. These salts closely resemble the corre-

sponding phosphates. An impure arsenate of sodium is prepared
on the large scale by dissolving arsenic trioxide in caustic soda,

and adding sodium nitrate. The solution is boiled down, and the

residual mass heated in a furnace until it appears to be per-

fectly dry. This product is largely used in calico-printing as a

substitute for cow-dung, which was formerly employed in clearing

the cloth after mordanting. The mordant consists of a solution

of acetate either of aluminium or iron, and the cloth, after having
been printed with these mordants, is hung up and exposed to

air. In this, which is termed the ageing process, a portion of

the acetic acid evaporates, leaving basic acetates of iron and

aluminium firmly attached to the fibre of the cloth. A portion

of these salts is, however, mixed up with the thickening or

starch which must be added to the mordant in order, that the

impression shall be clear. To remove this excess of unfixed

mordant, the cloth is subjected to a peculiar treatment

termed the dunging process. For this purpose it will not answer

merely to wash the cloth in pure water, because the soluble

1 ^7i. Chem. Pharm. Ixv. 307. s
Graham, Phil. Traits. 1833.
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portion of the mordant is then removed from the printed

pattern, but attaches itself again to the unmordaiited cloth,

which it is intended should remain white. Long ago it was

observed by the native dyers and calico-printers in India that

if cow-dung be added to the washwater the excess of mordant

can be removed without any staining of the cloth occurring.

The action of the cow-dung in this process has not yet been

satisfactorily explained, but experience has shown that sodium

arsenate solution acts in a similar way, and at the present time

the old process is generally superseded by the use of what is

known in the trade as
"
dung substitute."

BOKATES OF SODIUM.

Sodium Orthoborate, N"a
3
B0

3
. When boron trioxide is fused

with excess of caustic soda, three molecules of water are expelled

and the above salt remains :

J

B
2
O3 + GNaOH = 2Na

3
B03 + 3H

2
O.

This salt is very unstable, indeed it cannot exist in solution,

for when dissolved in water it is transformed into a hydrated
metaborate.

Sodium Pyroborate, or Borax, Na.2B4
O

7
. The history of this

the most important of the borates is lost in obscurity. It has

already been stated under boron 2 that in the Latin translation of

Geber's works the word borax or baurach occurs, but whether

or not this indicated the substance which we now call by that

name is a mere matter of speculation. Even up to the end of the

seventeenth century nothing certain was known either as to the

source or the composition of borax, which was used as a flux, and

which was early brought into European markets by the Vene-

tians. It was not until 1747 that an exact knowledge of its

composition was arrived at, when Baron pointed out that borax

consists of a compound of boric acid (then called sedative salt)

and soda. This salt exists combined with five and with ten

molecules of water as well as in the anhydrous state. The

decahydrate Na9B4 7 + 10H90, is found native, as tincal, in

several localities, especially in Thibet, California, and Peru.

Before the discovery of the boric acid lagoons, the whole of the

borax of commerce was obtained, at Venice and Amsterdam,
from Asiatic tincal, which was refined by a simple process long

1
Bloxam, Journ. Ckem. Soc. xiv. 143. 2 Vol. I. p. 541.



SODIUM BORATES. 127

kept secret. This consisted in recrystallizing the crude salt

after washing and boiling it with lime or caustic soda, for the

purpose of removing the greasy matters with which the tincal,

lor some purpose or other, is usually covered. 1

The greater part of the borax now used is made by fusing or

boiling the crude Tuscan boric acid with half its weight of

soda-ash, Na
2
C03

. In France it is usual to boil the two

substances together and allow the borax to crystallize. In

England the mixture of boric acid and soda-ash is calcined in

a reverberatory furnace. The fused mass is then lixiviated with

warm water in iron pans, and the borax allowed to crystallize.

Another source of borax is the mineral boronatrocalcite,

Na
2
B

4 7 + 2 CaB
4 7 + IS H

20, termed in commerce borate of

lime or "tiza," found in the nitrate of soda beds in South

America, and in the massive condition in Nevada,. The mineral

is decomposed with hydrochloric acid and the liberated boric

acid treated as above.

Much borax is also obtained from the borax lake in California.

One pound of crystallized borax is contained in thirteen gallons

of this water. Large deposits of crystallized borax occur at the

bottom of the lake, and in its neighbourhood is a spring which

contains 103 grains of borax per gallon.'
2

Anhydrous Borax or Borax Glass is best obtained on the small

scale by fusing 124 parts of crystallized boric acid with 53

parts of dry carbonate of soda. A transparent glass is thus

obtained having a specific gravity of 2'367, which becomes

opaque on exposure to air from absorption of water.

Fused borax glass dissolves many metallic oxides which

impart their peculiar colours to the glass. Hence this sub-

stance is largely used in blowpipe analysis, and also in the

arts for preparing a clean metallic surface for soldering metals.

This amorphous or glassy borax is readily soluble in water,

but insoluble in alcohol. It forms two important hydrates.

Odohedral Borax, Na
2
B

4
O

7 + 5H
2
0. This salt is deposited

when a supersaturated borax solution is allowed to evaporate

spontaneously in a warm place. This solution is prepared by

dissolving three parts of the decahydrate (common borax) in

four parts of warm water. Another plan is to dissolve boraxjn

boiling water until the specific gravity of the solution rises to

1-246, and then allow the solution to cool. The crystallization

1 New Analysis of Tincal, by Volil, Wagn. Jahrb. xvii. 322.
2
Campbell, Clicm. News, 1870, p. yO.
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of octohedral borax begins when the temperature reaches 79,
and continues until it sinks to 56, after which common borax

deposits. The crystals are hard transparent regular octohedrons,

having a specific gravity of T815.

Common, or Prismatic Borax, Xa.2B4 7 + IOH.,0. Anhydrous
borax when exposed to moist air absorbs ten molecules of water

and forms this salt. The decahydrate is deposited from solutions

at all temperatures below 56, in the form of large transparent
monoclinic prisms (Fig. 17), which have a specific gravity of

1'71. When heated in the air the crystals swell up, losing their

water and forming a spongy mass called borax usta, or burnt

borax. The crystalline form of natural borax is shown in

rig. is.

FIG. 17. FIG. 18.

The impurities usually found in commercial borax are car-

bonate of soda, traces of the sulphates and chlorides of the

alkali-metals, and salts of magnesium and calcium. Sometimes

it is adulterated with alum and common salt. Pure borax gives

no effervescence with acids, and dissolves in two parts of hot

water. The solution is not rendered turbid on addition of alkali,

and does not give a precipitate either with barium chloride or

silver nitrate. According to Poggiale,
1 100 parts of water

dissolve at

2-83

10

4-65

20

7-S8

30

11-90

40

17-90

50

60 70 80?
'

90 100

40-43 57-85 76-19 116-66 20143

parts of Xa2B4 7 + 10H
2
0.

1 Ann. Chirr. Phys. [3] viii. 467.
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The aqueous solution has a slight alkaline reaction, the light

yellow colour of turmeric paper being turned brown by it.

Sodium Metaboraic, NaB0
2 + 4H

20. This salt is formed
when borax is fused with the requisite quantity of carbonate of

soda. The fused mass when dissolved in water deposits morio-

clinic crystals having the above composition.

76 Silicates of Sodium. While when carbonate of potash and

silica are fused together, potassium metasilicate is always obtained,

if sodium carbonate in excess be employed, sodium trisilicate,

Na
8
Si

3 10
is formed, three molecules of silica liberating four

molecules of carbon dioxide. If equal molecules of silica and
sodium carbonate be fused together, sodium metasilicate, Na2Si03 ,

is obtained. This salt dissolves in water and on evaporation
the solution deposits crystals of a hydrated salt, which contain

seven molecules of water.1

Sodium Tetrasilicate. Na
2
Si

4 9
. Commonly known as sili-

cate of soda or soluble glass. It is prepared by heating

together 180 parts of white sand, 100 of calcined soda-ash,

and 3 of charcoal in a reverberatory furnace. Another method

consists in dissolving powdered flint under pressure in a hot con-

centrated solution of caustic soda. Prepared by the first method
it forms a transparent glassy mass, sometimes colourless, but

generally of a yellow, brown, or green colour, which when

powdered readily dissolves in boiling water to form a thick

viscid liquid. Silicate of soda is employed in fixing fresco

colours by the process of stereochromy. It is also employed
as a cement in the manufacture of artificial stone. This is

made by mixing the solution with sand and lime
; it is like-

wise used as a cement for joining the broken surfaces of por-

celain, stone, &c. Another piirpose for which soluble glass is

employed is as an addition to soap. The so-called silicated

soap, first introduced by Mr. William Gossage, is now prepared
in large quantities by adding a solution of this compound to the

soap whilst setting.

Sodium Silica-fluoride, Na2
SiF

6 ,
is prepared in a similar way

to the potassium compound, and is very similar to this latter

salt; 100 parts of water dissolve at 17 0<

5, 0'Go2 parts of the

salt, and at 101, 2'459 parts (Stolba).

i
Yorke, Phil. Trans. 1857, p. 540.
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CARBONATES OF SODIUM.

77 Normal Sodium Carbonate, Na
2C03 , commonly known as

carbonate of soda, or soda-ash, is prepared on an enormous scale

as the chief product of the alkali manufacture, a most im-

portant branch of industry. Anhydrous sodium carbonate, or

soda-ash, is a white opaque porous mass, or a white powder, having

a specific gravity of 2'5, which fuses at a moderate red-heat

to a, clear liquid, a small quantity of carbon dioxide being

liberated. Sodium carbonate possesses an

alkaline taste and reaction, but less strongly

marked than potassium carbonate. When

brought into contact with water it combines

with the water, heat being evolved. If a

tolerably concentrated hot solution of car-

bonate of soda be allowed to cool, large

transparent monoclinic prismatic crystals are

deposited (Fig. 19). These are commonly
termed soda-erystals or washing soda, or the

decahydrate, and possess the formula Na.
2
C0

3

+ 10H
20, and have the spec. grav. T45.

FIG. 19. These crystals dissolve in water with evolu-

tion of heat; they melt at 34, with formation

of a second hydrate, Na2
C03 -f H2

0. The decahydrate crystals

effloresce on exposure to air, forming a white powder of the

monohydrate. The decahydrate occurs native, as natron, together
with the monohydrate, known as thermonatrite, in the soda-

lakes of Egypt and Hungary, and also at Vesuvius and Etna,

and various parts of Asia, Africa, and America.

The heptaliydrate, Na2
C0

3 + 7H90, crystallizes in rhombohedra
when a warm saturated solution is allowed to cool in absence of

air. Several other hydrates are known. The formation and de-

composition of these various hydrates at different circumstances

of temperature cause a similar anomaly in the solubility of

sodium carbonate in water, as was noticed in the case of Glauber's

salt. 100 parts of water dissolve at

10 20 30 32 5

Na,C03 71 12-6 21-4 381 59 parts.

Above this last temperature the solubility of sodium carbonate

diminishes, so that between 32 and 79 a constant quantify, viz..
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46'2 parts, dissolve in 100 of water. At higher temperatures
the quantity dissolved is

80 90 100 105

Na
2
C0

3
461 457 454 451

Commercial anhydrous carbonate of soda always contains

sodium chloride and sulphate, as well as caustic soda and

other impurities. Soda crystals are usually much purer, and

may be obtained perfectly free from impurity by repeated crys-
tallization.

Hydrogen Sodium Carbonate, HNaCOs . This salt, commonly
known as bicarbonate of soda, is likewise prepared on a large
scale. It occurs in commerce in the form of a white crys-
talline powder, or in crystalline crusts which consist of mono-
clinic tables. It possesses a faint alkaline taste, and dissolves

less readily in water than the normal salt. 100 parts of water

dissolve at

10 20 30 40 50
'

60 70

HXaC03 7-92 8'88 9-84 10-80 11-76 1272 13-68 14-64

A solution of the bicarbonate gives off carbon dioxide on

boiling, and the solid salt decomposes on ignition into carbon

dioxide, water and the normal salt :

2HNaC03
= Na

2
C03 + H2 + CO^

Commercial bicarbonate of soda almost always contains some

normal carbonate, and this may be removed by washing with

small quantities of water
; but, on drying, the residual salt is

found again to contain some normal carbonate. A better method

is to moisten the washed salt with alcohol, and then to dry it

between folds ot filter paper without application of heat. Even

then it undergoes partial decomposition, and contains about one

per cent, of the normal carbonate. In order to detect the

presence of the latter salt in the bicarbonate, I'O gram of the

salt under examination is mixed with 0'5 gram of mercurous

chloride and 1'5 gram of water. This mixture is shaken in a

stoppered bottle. If the normal salt be absent this mixture

remains white for twenty-four hours
;

if this impurity be pre-

sent, the liquid becomes of a more or less grey tint.
1

Trona, or Urao, is a carbonate of soda occurring native in

Hungary, Egypt, Fezzan in Africa, India, and America. It is a

1
Hager, Anal. ZeitscJir. ix. 531.



132 ALKALI METALS.

compound of the normal with the bi-carbonate, and has J;he

formula Na
2
C0

3 + 2HNaC03 + 3H
2
0. This is the body to

which the ancients gave the name
nitrum. Tt occurs in small monoclinic

crystals (Fig. 20), and it can be pre-

pared artificially by boiling a solution

FlG - 20 - of bicarbonate of soda and then allowing
it to cool, when crystals of this salt separate.

THE ALKALI MANUFACTURE.

78 The history of the manufacture of carbonate of soda, or

soda-ash, from common sale is one of peculiar interest. Previous

to the year 1793 the whole of the carbonate of soda of commerce

was obtained from the ashes of sea-plants, called varec or kelp,

collected on the north-west coasts of France, Ireland, and

Scotland. The quantity of alkali thus obtained from sea-plants

was, however, much less than that which came to Western

Europe from Russia and America in the form of potashes, the

characteristic alkali of land-plants.

One of the first effects of the French Revolution was to cut

off this supply of the latter alkali from France, and, therefore, to

diminish important manufactures dependent upon its use.

Under these circumstances the French Government of the

day issued an appeal to the French chemists urging the im-

portance of obtaining all the materials deposited in their own

country by nature, "so as to render vain the efforts and hatred

of despots;" and commanding all citizens who "have commenced

establishments or who have obtained patents for the manufacture

of soda from common salt, to make known to the Convention the

locality of these establishments, the quantity of soda supplied

by them, and the quantity they can hereafter supply." A
Commission was appointed to investigate this subject, and in

1794 they reported on thirteen different processes for the manu-
facture of soda-ash from common salt, the particulars of which
had been submitted to them. The preference was given to the

operations devised by an apothecary of the name of Leblanc,

who had already erected a soda manufactory near Paris, which

had been at work for some time previously. The report gives
a full description of the various processes which constituted

Leblanc's invention. These consisted of

(1) The salt-cake process, or that of the decomposition of com-
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mon salt by means of sulphuric acid, and the consequent produc-
tion of sulphate of soda, with evolution of hydrochloric acid gas.

(2) The black-ash process, or that of the decomposition of the

sulphate of soda or salt-cake by means of chalk and coal, and

the consequent production of black-ash, consisting essentially of

a mixture of soluble carbonate of soda, (Na C03),
and insoluble

calcium mouosulphide (CaS).

(3) The separation of the constituents of the last product by
lixiviation with water and the preparation of the soluble car-

bonate of soda.

This process, elaborated by Leblanc before the French Revo-

lution, is in fact that still employed in most alkali-works, and,

unlike most technical processes, has undergone no material

alteration. The Commissioners say in their report :

"
Citizens

Leblanc, Dize, and Shee were the first who submitted to us

particulars of their process, and this was done with a noble

devotion to the public good." Their establishment had been

formed some time previously at Franciade
;

but the conse-

quences of the French Eevolution and of the war which

followed having deprived them of funds, the works were

suspended, and after the lapse of some time the manufactory
became a national establishment and was successfully at work

in the year 1794. The operations however did not proceed

satisfactorily, the quantity of soda turned out was smaller than

had been expected, the manufacture was discontinued, and

Leblanc and his partners applied for and received assistance

from the English Government. It is sad to have to relate that

the man who thus originated a world-wide industry, and 'to

whom we owe cheap soap and cheap glass, did not benefit from

his discoveries, but died in a French asylum for paupers.

Other alkali works in France were more successful than

Leblanc's original manufactory. Several of these were situated

at Marseilles, the seat of the French soap trade, and conveniently

placed for obtaining three of the necessary raw materials
; (1)

sulphur, imported from Sicily ; (2) salt, obtained by the evapo-

ration of salt-water by the sun's heat
; (3) limestone ;

it was

however at the disadvantage of being at a distance from coal.

Although the process for making alkali was published in the

Annales de Chimie for the year 1797, it is remarkable that

seventeen years elapsed before this process was taken up in

England by Mr. Losh. This may be accounted for by the fact

that as war was then raging, communication between the two
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coimtrieswas almost

entirely cut off, but

perhaps especially

because of the high

war-duty on salt

which existed up to

the year 1823. The
difference in cost of

production is well

shown by the fact

that in 1814 soda

crystals cost QOl. per

ton, whilst in 1861

the price of the same

article was 41. 10s.

per ton.

79 (1.) The Salt-

cake Process. This

process is usually
commenced in large
cast-iron pots, and

completed in rever-

beratory furnaces or

roasters, shown in

section in Figs. 21,

22
;
in plan in Fig.

23
;

and in cross-

section in Fig. 24.

It consists of a large
covered semi-circu-

lar iron pan, built in

the centre of the fur-

naceand heated by a

fire underneath, and

of two roasters or re-

verberatory furnaces

heated by fires

placed one at each

end, on the hearths

of which furnaces

the salt is complete-

ly decomposed.
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The charge consists of 16 cwt. ofcommon salt, which is placed in

the iron pan, and on to this the quantity ofsulphuric acid necessary
completely to decompose it is run. This amounts to 1 23'5 gallons,
or 1,800 Ibs. of chamber acid having a specific gravity of T42
Torrents of hydrochloric acid are then given off, the decomposition
which takes place being represented by the equation :

H
2
S04+NaCl = HNaSO, + HC1.

This process lasts about one hour, and the temperature of the
mass rises to about 50. All the hydrochloric acid which is thus
evolved passes directly from the pan into the hydrochloric acid

condensing towers (Fig. 25). These towers are often 50 or 60

FIG.' 24.

feet in height, and are usually built of Yorkshire flag clamped

together with iron, the joints being rendered gas-tight by a cord

of vulcanized rubber. The acid vapours enter the first tower

direct from the salt-cake pan ;
and in passing up this tower, which

is either filled with piled bricks or with hard coke, it meets with

a descending current of water supplied from the cistern at the top.

The strongly acid liquors flow away by a pipe at the bottom of

the tower, and are stored by the manufacturer for subsequent use.

Any hydrochloric acid vapours unabsorbed in the tower pass down

a brick tunnel into the second tower, which they ascend and meet

another current of falling water. When the -vapours reach

the top of this tower they ought to be perfectly free from
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hydrochloric acid gas, and are then allowed to pass away into

the chimney.

FIG. 25-

After the mixture has been heated for ahout an hour in the

salt-cake pan and has become solid, it is raked on to the hearth

of one of the furnaces or roasters at each side of the decomposing

S23T1. Here the hot air and flame from the fire at the end combine^^ 59
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the decomposition into sodium sulphate and hydrochloric

acid:

NaHS04 + NaCl = Na2S04 + HC1.

The acid vapours here evolved pass, together with the pro-

ducts of combustion of the fire, into the same condensers as the

pan-acid, and there are all condensed to liquid. As soon as

the decomposition is complete the salt-cake is withdrawn

from the furnace and kept for the subsequent process. Ten of

the above charges are usually drawn in one day, so that 8 tons

ot' salt, and about the same weight of oil of vitriol, are used,

whilst nearly 5 tons of gaseous hydrochloric acid and nearly 20

tons of salt-cake are formed. The following is a complete

analysis of an average sample of commercial salt-cake:

COMPOSITION OF SALT-CAKE.

Normal sodium sulphate ... ... 95 -275

Hydrogen sodium sulphate 1481
Sodium chloride ... ... .. ... 1*354

Calcium sulphate ... 0*923

Ferric oxide and insoluble matters ... 0'321

Water 0-187

99-541

The furnaces just described are termed open roasters, in oppo-
sition to the second kind of salt-cake furnace to which the name
of close roasters is given. In the first kind all the acid vapours,
both the concentrated acid from the pan, and the roaster acid

which is much diluted with air and products of combustion, pass
into the same condenser. In this method of working it is diffi-

cult, therefore, to get a very strong acid, and much annoyance is

caused by the condensers becoming choked with soot and dust

from the fires.

Hence the second method is employed in many works. The

pan, as shown in A, Fig. 26, is built at the side of the roaster

instead of being placed in the centre, and the acid from the

first part of the decomposition, being concentrated and un-

mixed with air, passes by a long well-jointed earthenware

pipe into a condenser (c, Fig. 26), where a saturated or

fuming aqueous hydrochloric acid is prepared, whilst the gases
from the roaster (B, Fig. 26) are separated from the products
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of combustion by inclosing the hearth of the furnace by a

fire-brick arch, between which and the fop of the furnace the
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flames and hot air from the fire pass. Thus the salt-cake is

placed on the hearth of a kind of brick chamber or muffle (B),

being simply heated by radiation from the hot arch at the

other side of which the fire-gases pass, so that no soot or

dirt from the fire can be carried into the condensers, and these

do not become clogged or choked, and thus a more perfect

condensation is rendered possible ;
D shows the flue for carrying

away the fire-gases from the pan and roaster. But unfortunately
these advantages are not wholly unaccompanied by drawbacks,
which if not important for the manufacturer, are at least serious

to his neighbours. The arch separating the roaster-hearth from

the fire-gases cannot practically be kept gas-tight ;
it is continu-

ally cracking from unequal expansion, and as soon as a crack

occurs, the hydrochloric acid gas is pulled or drawn by the draft

FIG. 27.

of the chimney through the crack, and thus passes up the chimney
where the pressure is somewhat less than that of the atmosphere,
and is delivered into the air, rather than passing through the con-

densers, where the pressure is somewhat greater than the atmo-

sphere. Tliis is a fertile source of annoyance in the neighbourhood
of alkali-works. Several suggestions have been made with a view

of obviating this difficulty in the use of the closed roasters. One
of the most feasible and ingenious of the proposed schemes is

that patented by the late Mr. Deacon of Widnes. Figs. 27 and

28 show the construction of this furnace in section and in plan.

The fireplace is built contiguous to, but several feet below,

the brick chamber or muffle in which the acid gas is evolved.

It follows from this difference of level that there is a column of

heated gases several feet in height immediately over the fire-
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bars, and the upward movement of this heated and rarefied air

receives a check in going round the muffle, so that the ordinary
state of things is reversed, and the pressure in the flue round

the muffle is greater than that in the interior of the muffle, thus

altogether preventing any chance of escape of the acid vapours
from the muffle to the chimney, though allowing some of the

gaseous products of combustion to pass through the unavoidable

cracks into the interior of the muffle, but in such small quantity
that they do not interfere at all with the successful working of

the condensation. In Fig. 28, B shows the position of the salt-

cake pot, and A is the flue carrying the products of combustion

to the chimney. It is probable that before long either this or

some similar salt cake furnace will come into general use.

Wo owe another valuable and quite recsnt improvement in

the salt-cake process to Messrs. Jones and Walsh of Middles-

borough. This consists in a mechanical arrangement by which

all hand-labour is dispensed with, and by which the whole

operation, from the mixing of the materials to the production of

the finished dry salt cake, is carried on in one large pan.

A third proposal, made by Messrs. Cammack and Walker,
seems to be based upon a more scientific view of the decompo-
sition than any of the former plans. When large masses of salt

and sulphuric acid are brought together, the reaction is at first

very violent, and torrents of hydrochloric acid gas are evolved.

The action however saon moderates : during the first ten minutes

the main quantity of acid has come off, and during the remaining

forty minutes needed to complete the reaction, probably only a

small quantity of gas enters the condensers. So that for ten

minutes the condensers have more work than they can properly

perform, whilst after that time they are underworked. Messrs.
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Cammack and Walker's plan seeks to obviate these inconveniences

of all the old processes by sending in, at one end of the heated

space in which the reaction occurs, a constant stream of salt and

acid mixed in the right proportions, and drawing off at the other

end the finished salt-cake. Thus a never increasing and never

decreasing stream of hydrochloric acid is sent into the condensers

and a constant supply of the solid product is furnished. In this

way the reaction can be most completely kept under control,

and all irregularities and therefore chances of escape of acid

vapours rigidly prevented. How far this plan can be practically

carried out remains yet to be ascertained, but this appears to be

the most scientifically correct proposal yet made for the manu-

facture of salt-cake from sulphuric acid and common salt.

Another important process for manufacturing salt-cake is

that which from the name of the inventor is termed the

Maroreaves process. The object of this is to manufacture salt-cake

directly from salt, sulphur dioxide and water, so as altogether to

dispense with the manufacture of sulphuric acid; and it depends

upon the fact that although sulphur dioxide cannot by itself de-

compose salt, it is able to do so in the presence of oxygen and

water, if time enough be allowed. In order to effect this decom-

position, a series of large kilns or stoves, built of brick, are so

arranged that each kiln can be put into communication with its

neighbour, and each heated by a fire. Each kiln is then filled with

dried and porous salt (NaCl), and the gases from the pyrites

burners led directly into these kilns one after the other. By care-

ful attention to temperature and to the quantity of air and steam

admitted with the sulphur dioxide, it is possible in this way to

decompose the salt into sulphate of soda (salt-cake) as perfectly

as when heated by the old process with sulphuric acid. The

chemical reaction is the same in both cases
; hydrochloric acid

gas is given off from the Hargreaves' kilns as from the ordinary
salt-cake pan or roaster and must in like manner be passed into

the condensers

2NaCl + S0? + H2 + = Na2S04 + 2HC1.

80 (2.) The Mack-ash Process. The theory of this process is

a simple one, so tar as the chief products are concerned,

but it is complicated when we come to consider the mode of

formation of the many distinct compounds which make their

appearance in the course of the reaction.

The first chemical change which the salt-cake (Na2
S0

4)



THE BLACK-ASH PROCESS. 143

undergoes in its passage to carbonate of soda is the reduction to

sodium sulphide (Na2S), by heating it with slack, or powdered

coal; thus:

Na2
S0

4 + C
4
= Na

2
S + 4CO.

FIG. 29.

The second change which occurs is the conversion of the

sodium sulphide into sodium carbonate (carbonate of soda), by

Dcciui.io 50 i 2 4^?? 9 10 Meter

FIG. 30

heating it with chalk or limestone (calcium carbonate). The

reaction which then takes place is represented by the equation :

3
= Na2C03 + CaS.

FIGS. 31 AND 82.

In practice these two reactions are carried on at the same

time, a mixture of about 10 parts by weight of salt-cake, 10
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parts of limestone, and 7| parts of coal, being heated in a

i everberatovy furnace, termed a balling- furnace. Fig. 29 shows

the elevation, and Figs. 30, 31, and 32, show longitudinal and

transverse sections of such a furnace. After exposure to the

reducing flame of this furnace for two hours the charge, con-

sisting of 4| cwt, is fluxed and fully decomposed, and then the
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liquid mass is scraped out into iron barrows or trucks and

allowed to cool, and in this state is known as black-ash ball,

so called from the colour of the mass.

In place of the old black-ash furnace or balling-furnace in

which the reaction is completed by hand-labour, a new furnace,

termed a revolving black-ash furnace, is being now largely

employed, the general arrangement of which is shown in Fig. 33.

In this the mixing of the materials is effected mechanically. The

charge, usually consisting of 30 cwt. of salt-cake, 32 of lime-

stone, arid 20 of slack, is introduced by means of a hopper into

a large cylinder (B, Fig. 33), placed horizontally, through the

axes of which flames from a furnace (A) are allowed to pass; this

FIG. 37.

cylinder, worked by an engine (c, Fig. 34), revolves first at a slow
rate and afterwards with an increasing and maximum velocity of

five or six revolutions per minute. The cylinder is from 10 to 12
feet in diameter and from 15 to 18 feet long. Each charge takes
about two hours to work off, and when completed a door in the
side of the cylinder is opened and the fused mass allowed to

flow into iron trucks placed beneath it. It yields 10 balls, each

being a small truckful of black-ash, weighing 3 cwt. A more

complete form of the black-ash revolver is shown in Figs. 36
and 37. In this arrangement the revolver (F) is fed with gas
from a Siemens' gas-furnace, and the regenerators (NN) for the

recovery of the waste heat are placed below the revolver.



CHARGES FOR BLACK-ASH.

The advantages which the revolving black-ash furnace has

over the hand-worked ones chiefly consist in the saving of

labour and in the production of a material which possesses a

more constant composition.

The following Table gives the charges, theoretical and practical,

of salt-cake, coal, and limestone used in various works :

BLACK-ASH CHARGES.

No. 1, Lancashire charge
Lbs. practice. Lbs. theory.

Salt-cake 224 224

Limestone 224 158

Coal-dust 140 76

~No. 2, Tyne charge
Salt-cake 196 196

Limestone 252 138

Coal-dust 126 66

The following analyses of black-ash show that this substance

contains a large number of other salts besides carbonate of soda

and monosulphide of calcium, though these two constitute its

main ingredients. In practice a large excess of lime is used

and this gives rise to caustic soda in the black- ash.
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ANALYSIS OF BLACK-ASH.

No. 1. Is the analysis of an English Black-ash by Kynaston.

No. 2. German Stohmann.

French Kolb.

An improvement has recently been introduced into the black-

ash process by Mr. Mactear by which, instead of using a weight
of limestone equal to or greater than the weight of salt-cake,

only about 70 parts or one molecule of limestone is employed to

100 parts or one molecule of salt-cake, but in addition to this

6'5 parts of quick-lime is added. By this plan a considerable

saving of raw material is effected, and the black-balls are very

easily lixiviated, so that this improved process is now being

rapidly adopted.

8 1 (3.) Liziviation of the Black-ash. The next operation

consists in the separation of the carbonate of soda from

the insoluble calcium monosulphide, and the other impurities.

This is easily effected by the process of lixiviat>on, or
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washing out the soluble carbonate of soda, leaving the mono-

sulphide of calcium and the excess of lime and carbonate of

lime as insoluble powders behind. In this process the object

aimed at is to dissolve as large a quantity of the carbonate of

soda with as small a quantity of water as possible. The

arrangement of lixiviating vats for effecting this is the invention

of the late Mr. Shanks of St. Helens. A series of vats are

employed in which the broken black-ash is placed ; pure water

is allowed to flow on to that portion of the ash which has already
been nearly exhausted, and the solution then passes on until

the nearly saturated liquors come in contact with the fresh

black- ash. In this way the complete lixiviation of the black-

ash is effected with the least quantity of water. The average
time needed 'for working off a vat is about forty-eight hours.

The residue remaining in the vats after the soluble matter has

been extracted constitutes what is known as the alkali-maker's

vvasta This waste contains the whole of the sulphur from the

salt-cake, and as a rule in the insoluble state of monosulphide
of calcium. This waste is now thrown away, being either made
into heaps which are apt to become a nuisance in the neigh-
bourhood of the alkali-works, or are carried out to sea, or

otherwise made away with.

It is impossible, however, by this process of lixiviation

completely to wash out the soluble carbonate of soda, so that we
find about 3 per cent, of soluble alkali left in the vat-waste.

A considerable excess of limestone is generally used in the

manufacture of black-ash, and this in the course of the reaction

becomes converted into caustic lime
;
on treating the mass with

water the caustic lime transforms a considerable quantity of the

carbonate of soda into caustic soda, and carbonate of lime is

formed :

Na
2
C0

3 + CaO + H2
= 2NaOH + CaC03

.

Hence it happens that as a rule about one-third of the total

amount of soluble soda present in the black-ash liquor is

caustic. Besides this, the black-ash liquor usually contains

small quantities of sulphide as well as thiocyanate of sodium.

In order to separate the sulphide of sodium as well as the

caustic soda which the black-ash liquors contain, these liquors

are frequently oxidized and carbonated by the liquid being

allowed to fall down towers, filled with coke, up which hot air

mixed with carbonic acid passes. In order to evaporate the
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black-ash liquors the waste heat of the black-ash furnace is

employed. Large pans, shown in D D, Figs. 33 and 35, are filled

with the liquor, the water boiled off, and the crystals which are

deposited are scraped out into the drainers (E E, Figs. 33 and 35).

These crystals are then heated, and yield common soda-ash.

This common ash is further purified by exposure to heated air

on the floor of a reverberatory- or refming-furnace. In this

process any traces of the sulphides are oxidized to sulphates, the

caustic alkali carbonated, and the yellowish tint of the common

ash, which is due to the presence of sulphide, is got rid of.

Dr. C. R. A. Wright has made a series of experiments on the

loss of sodium occurring in the black-ash process. He believes

the loss to be as follows :

Sodium salts undecomposed .... 349 per cent.

Sodium compounds rendered insoluble 544
Sodium compounds vaporized . . . 144

10-07

82 Caustic Soda is now manufactured on the large scale in the

alkali works. For this purpose the red-liquors are used from

which the black-ash crystals have been deposited. These

mainly consist of a solution of carbonate of soda and caustic

soda in varying proportions, but contain at the same time

chloride, sulphate, cyanide, and sulphide of sodium as impurities.

The red-liquors are first allowed to pass down a coke tower

where they meet with a current of air, and thus the sulphides
are oxidized to sulphates. Then having been reduced to a

specific gravity of 140 they are causticised by heating with milk

of lime in large iron boat-pans or boilers. The clear caustic

liquor is then run off, the lime-mud being well washed to

extract the soluble caustic soda, and these washings being used

to dilute fresh quantities of the red-liquors. The dilute caustic

liquors are then either bo'led down in ordinary steam-boilers or

in open pans, and afterwards concentrated in cast-iron flanged

pots sufficiently large to hold from 8 to 10 tons of finished

caustic soda, being often 9 feet in diameter and 5| feet deep.
These pans are built into brickwork, and are heated by means of

a furnace placed either below or on one side. When the

temperature reaches 120 the liquor begins to bo ;

l, and ammonia

gas is evolved from the decomposition of the cyanides. The

temperature rises as the liquors become more concentrated, and
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as soon as it reaches 260 the pots are loosely covered and the

fire then urged until the contents of the pot are raised to a dull

red-heat. It is now necessary to oxidize the small quantities of

sulphides and cyanides which are still contained in the caustic

liquors. For this purpose either nitre is added from time to

time, or air is pumped through the hot liquid. If nitre is used

torrents of ammonia are evolved, and a black deposit of

graphite resulting from the decomposition of the cyanides is

formed. The white caustic soda thus prepared contains about

70 per cent, of Na20, or nearly 90 per cent, of the hydrate NaOII.
A less concentrated product termed "cream caustic" is also made;
this contains about 60 per cent, of Na

20. When the operation
of concentration is finished, the fused caustic is ladled out by
means of copper ladles into iron drums, where it solidifies on

cooling. In this way it can be transported to any distance

without undergoing change.

83 Alkali-maker's Waste. For every ton of soda ash produced
from one and a half to two tons of waste is formed

;
and in the

neighbourhood of alkali-works enormous quantities of this waste

accumulate. This waste contains the whole of the sulphur burnt

in the pyrites kilns, amounting to from 15 to 20 per cent,

of the weight of the waste. The importance of recovering this

sulphur, not only for the sake of the manufacturers themselves,

to whom it is now entirely lost, but also for the sake of

diminishing the nuisance to the neighbourhood, is patent to

all. The waste, even when carefully stamped down and when
the surface is made as hard as possible or even covered with

cinders, invariably undergoes oxidation
;

the insoluble mono-

sulphide of calcium becomes converted into a soluble higher

sulphide, and meeting with rain- or drainage-water dissolves,

and the solution finds its way into the ordinary drains or

streams of a district, and upon meeting with the carbonic acid

of the air, or with the acid discharge from the alkali-works,

evolves sulphuretted hydrogen sufficient to become a nuisance

to the inhabitants of districts lying even several miles away
from the waste. Many proposals have been made for recover-

ing the sulphur from the waste. So far back as 1837 Mr.

Gossage began a long investigation into this question, but failed

to establish a process by which the sulphur could be profitably

recovered. Schaffner in Germany, Mond in England, anil

Mactear in Scotland, have devised processes which have been

worked in certain localities, but were not sufficiently economical
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for general adoption. It is to the credit of Mr. Chance

of Oldbury that by another process now generally used by
alkali manufacturers, sulphur recovery from alkali-waste has

been made remunerative, and the grave nuisance arising from

the waste-heaps will in time be greatly diminished if not

entirely removed. This process depends upon two reactions :

the first of these is the decomposition of the alkali-waste by
carbonic acid with formation of calcium carbonate and liberation

of sulphuretted hydrogen ;
the second, the combustion of this gas

in a current of air with production of sulphur and water. For

carrying out the first of these reactions a patent was obtained

by Messrs. Schaffner and Helbig, whilst for the second a peculiar

kiln invented by Glaus is employed. For the proper working
of both these reactions it is, however, necessary that the various

currents of gases should be of regular and constant composition,

and to attain this constancy a most ingenious plan of working
is used by Mr, Chance. In the first place, in order that

the stream of sulphuretted hydrogen shall be constant, that of

the carbonic acid needed to decompose the calcium sulphide must

al?o not only be regular, but must not be diluted with atmo-

spheric nitrogen to an injurious extent. These necessary con-

ditions have been secured, so much of the atmospheric nitrogen,

which accompanies the carbonic acid generated from burning
lime in kilns, being eliminated as to render the remaining gases

sufficiently rich in sulphuretted hydrogen to serve, not only for

the production of sulphur by means of the Claus kiln, but also

for the manufacture of sulphuric acid by burning the sul-

phuretted hydrogen, and allowing the sulphur dioxide and steam

produced to pass into the leaden chambers. The apparatus by
. which this regular flow of the gases is secured and the sulphur
obtained is of a somewhat complicated character. The prin-

cipal features of the process consist in bringing a mixture of

alkali-waste and water, into a series of vessels connected by
pipes, and furnished with inlet and outlet ways. Through these

vessels lime-kiln gases, consisting almost entirely of carbonic acid

and nitrogen, are passed, with the result that in the first vessel

the carbonic acid is absorbed by the free lime present in the

waste, with production of carbonate of lime, and by the calcium

sulphide with production, in presence of water, of carbonate of

lime and sulphuretted hydrogen. This gas passes on to the

second vessel, where it meets with fresh alkali-waste, and is

absorbed with formation of calcium sulphhydrate, CaH2S.,. Thus



THE AMMONIA SODA PROCESS. 153

it will be seen that a twofold absorption takes place, first of the

cardonic acid, and secondly of the sulphuretted hydrogen, so

that in the last one of a series of vessels neither carbonic acid nor

sulphuretted hydrogen escapes, whilst the inert nitrogen of the

air is allowed to do so. When the gases issuing from one of

the intermediate vessels contain a sufficiently large proportion of

sulphuretted hydrogen evolved according to the decomposition :

C02 + CaH,jS2+ H2
= CaC03 + 2H 2S.

the outlet is opened, and the gases, rich in sulphuretted hydrogen
and poor in inert nitrogen, are collected in a gasholder, to be used

for making either sulphur or sulphuric acid. When the gases
cease to be sufficiently rich in sulphuretted hydrogen the outlet

is closed, and the gases passed into another one of the series of

vessels containing fresh waste and water, and thus the first

operation is repeated. By this means the decomposition of the

waste is complete, the whole of the sulphur being withdrawn.

The residue consists of precipitated carbonate of lime, which is

used either in the black ash furnaces in place of lime, or for the

manufacture of cement.

84 Ammonia-soda Process. Of the numerous proposals which

have been made to replace Leblanc's process, only one has

proved successful. This process is interesting from the sim-

plicity of the reaction, as also from the fact that no noxious

vapours are emitted in any part of the process. It depends
on the well-known fact that when carbon dioxide is passed

into a solution of common salt in aqueous ammonia, a double

decomposition occurs and the slightly soluble bicarbonate of soda

is precipitated :

NHS + C02 '+ NaCl + H2
= HNaCO, +NH4C1.

The mother-liquors containing the sal-ammoniac are heated

with lime or magnesia, and thus the ammonia regained for

subsequent use. The only waste product is calcium- or mag-
nesium-chloride. This process, although patented so long ago as

1838 by Dyer and Hem n. ing, was first carried out practically in

1855 by Schlossing and Holland near Paris. Even they did not

succeed in overcoming the numerous practical difficulties which

surround this subject, and the credit of having brought this

process to an economical issue belongs to Solvay, who in 1861

established the ammonia-soda manufacture near Brussels, and

by improved arrangements placed it on so satisfactory a basis

that it has now been successfully introduced, and is being



154 ALKALI METALS.

worked on the large scale in several countries.1 In spite,

however, of the strikingly rapid growth of the ammonia-soda

process, there has been no decline as yet in the production of

alkali in Great Britain by the Leblanc process. This is shown

by the fact that the quantity of pyrites imported has constantly

increased, whilst the salt decomposed by each process for 1888

was 590,312 tons for the Leblanc, against 212,181 tons for the

ammonia-soda process. The world's total production of alkali

in 1888, calculated as soda-ash, is estimated at 900,000 tons, of

which about 430,000 tons was made by the ammonia-soda

process. Of this amount the English works of Brunner, Mond,
and Co. furnished no less than 125,000 tons. The ammonia-

soda process offers considerable advantages over the older

method, both as regards cost of manufacture and purity of the

product, and should an economical process be discovered for

recovering the chlorine, there is little doubt that the older

process would be completely supplanted.

85 Manufacture of Bicarbonate of Soda. This salt is made

by exposing crystalline masses of the decahydrated carbonate,

inclosed in large chambers, to the action of carbon dioxide,

generated by the action of hydrochloric acid upon limestone,

The gas is slowly absorbed by the crystals, which lose their

water of crystallization and with it their transparency:
Na2C03+ 10H.O + CO,= 2HXaC03 + 9H 20.

Sodium Potassium Carbmate, NaKC03 . A mixture of equal
molecules of the carbonates of sodium and potassium fuses more

readily than either of the separate salts. Hence this mixture is

frequently used as a flux in the analysis of silicates and other

minerals. When the solution of such a mixture is evaporated

large monoclinic crystals separate out. Thsse have the com-

position NaKC03 -f- 10H,O, and possess a specific gravity of

1*62. They effloresce on exposure to air, and on recrystallization

they decompose. 100 parts of water dissolve at 120-
5 133, at

15 185, parts of the crystallized salt.

6 Sjdium Sulphides. These compounds are very similar to

those of potassium and sulphur and are similarly prepared.
Sodium monosulphide is frequently used on the large scale, as

in the manufacture of soluble glass and sodium thiosulphate.

87 Sjdamide, NH2
Na. This compound, discovered by Gay-

Lussac and Thenard, is formed when dry ammonia is passed
over fused sodium. The surface of the metal soon becomes

1 Bericht d. Eiilwickclung chcm. Iiidust. 1875, p. 445.
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covered with drops of a greenish bine colour, and as these run

off fresh ones are formed, nntil the whole of the metal is trans-

formed into the amide. On cooling this forms a greenish or

reddish crystalline mass, which when heated in a current of

carbon dioxide begins to glow with formation of caustic soda

and cyanamide :

2NH
2
Na + C02

= CN.NH2 + 2NaOH.

DETECTION AND ESTIMATION OF SODIUM.

88 The presence of a sodium compound can be readily de-

tected by the production of the yellow tint which it imparts to

the non-luminous gas-flame. This reaction was first observed by
Melville in 1752, and was made use of by Marggraf in 1759 to

distinguish the base contained in common salt from that peculiar

to the vegetable alkali which imparted a violet tint to flume.

The spectrum of the yellow soda flame consists of two bright

yellow lines coincident with the two dark solar lines known as

Fraunhofer's D-lines. These lines have a wave-length of 5895

and 5889 ten-millionths of a millimeter, and lie so close together

that in an ordinary one-prism spectroscope they appear as one

line.

The spectrum-reaction of sodium is the most delicate one

known. When the temperature of the flame is high and, if a

large quantity of substance be present, traces of a continuous

spectrum are observed in the neighbourhood of the lines
;
it thus

may happen that the lines of other metals occurring near the

sodium lines are rendered invisible until the greater part of the

sodium compound has been volatilized. The most volatile

sodium salts give this reaction most readily, but even those

which volatilize with difficulty, such as the phosphates and

silicates, can thus be detected. Such is the delicacy of this

reaction that Bunsen has shown that ^s^innr of a milligram of

sodium salt can thus be detected with certainty. With a re-

action so delicate, it is easy to explain why the sodium reaction

is always seen in ignited atmospheric air. The earth's surface is

covered for more than two-thirds of its area with a solution of

chloride of sodium, fine particles of which are constantly being

carried by the action of the waves into the air. These particles

of sea-water thus thrown into the atmosphere evaporate, leaving

almost inconceivably small residues, which, floating about, are
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almost always present in the air, and are rendered evident to

our eyesight in the motes which dance in the sunbeam.

In order to show this universal distribution of sodium salts

the following experiments may be made. A clean thin platinum
wire is held in a non-luminous gas-flame for an instant

;
the

yellow colouration due to the presence of sodium compounds
is instantly seen, but this disappears in a few seconds as soon

as the sodium salt on the wire has been volatilized. If now the

wire free from sodium compounds be brought in contact with

the slightest particle of dust, or touched by the finger, or if it

be simply allowed to remain quietly in the air for half an hour,

the same yellow colouration will again be observed if it be brought
for a second time into the flame. The same fact is also seen

when a dusty book is knocked near a lion-luminous flame, the

yellow colour being distinctly visible.

The absorption-sj)ectrum of sodium vapour has been mapped

by Koscoe and Schuster.1 A series of bands in the blue make
their appearance at a low temperature, and as this is raised

bands in the red and yellow stretching as far as the D -lines

come out. When the vapour of sodium is examined in a red-

hot iron tube the colour of the limelight as seen through it is a

dark blue.

In the processes of quantitative analysis sodium generally

occurs together with potassium. The process for the separation
of these two metals has already been described, as well as the

indirect method by which the quantity of the two metals can

be ascertained (see pp. 101, 102). If it is desired to determine

the sodium directly, the best process is the following one sug-

gested by Bunsen. The alcoholic solution of the soluble double

chloride of sodium and platinum is evaporated in a flask which

is filled with hydrogen gas and exposed to the light. Sodium

chloride, hydrochloric acid and metallic platinum are then

formed
;
the solution of common salt is filtered from the plati-

num, evaporated to dryness, and the* weight of the salt ascer-

tained after gentle ignition. As sodium chloride is volatile at a

red heat, it is advisable to transform the salt into sulphate
before ignition.

The atomic weight of sodium has been most carefully deter-

mined by Stas. He found as the mean of ten experiments that

100 parts by weight of pure silver required from 54'206 to

1 Proc. Roy. Soc. xxii. 362.
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54'209 parts of sodium chloride for complete precipitation.

This gives a mean of 54'2075, and hence the atomic weight of

sodium is 22'99. Ag= 107'68, Cl= 35-37.

LITHIUM, Li =
7-01.

89 Lithium was discovered in 1817 by Aug. Arfvedson, whilst

he was working in Berzelius' laboratory.
1 He obtained a new

alkali, and Berzelius gave to it the name lithia. It was first

found in several minerals, from the iron mines of Uto in Sweden,

especially petalite and spodumene.
Lithium is derived from X/0eo<?, stony, as it was then believed

to be an alkali whose presence was confined to mineral matter

in contradistinction to the other alkalis which were found in

vegetable and animal bodies. Since that time, however, lithium

has been shown to be very generally distributed throughout the

animal and vegetable kingdoms.
Metallic lithium was first prepared by Bunsen and Matthiessen

in 1855.

The general distribution of small quantities of lithium com-

pounds was first ascertained by Bunsen and Kirchhoff in their

first research on spectrum analysis in I860. 2

Sources of Lithium. The most important minerals containing
this element are triphyline, a phosphate of iron, manganese,
and lithium, (LiNa)3P04 + (FeMn) 3(P04) 2 , containing from 1-6

to 37 per cent, of lithium
; petalite, a silicate of aluminium,

sodium, and lithium, containing 27 to 37 per cent, of lithium
;

lepidolite or lithia-mica 1-3 to 57 per cent.
; spodumene or tri-

phane, a silicate of aluminium, sodium, and lithium 3 8 to 5'6

per cent. Smaller quantities of lithium, whose presence can be

ascertained by the spectroscope, are found in a large number of

minerals. The water of certain mineral springs also contains

large quantities of dissolved lithium salts. Thus Berzelius 8 so

long ago as 1822 detected this element in the water of Egger-

Franzensbad, and in 1825 in those of the springs at Karlsbad

and Marienbad. The spectroscope has since shown that lithium

occurs in most mineral waters, in sea-water, and in that of almost

every river 4 and surface spring. Some mineral springs contain

1 Scfiw. xxii. 93 ; Ann. Chim. Phys. x. 82.
9 Phil. Mag. [4] xx. 97.

3
Pngg. iv. 245.

4 On Thames 11 alcr. A. and F. Dupie. Phil. JIag. [41 xx. 373.
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lithium in considerable quantity. Thus Bunsen found 295'2

mgrm. of lithium chloride in one liter of the water of the Mur-

spring at Baden-Baden,
1 and W. A. Miller 2 found 372 mgrm. in

one liter of water from a spring in the Wheal Clifford rniue at

Redruth in Cornwall.

By the decomposition of rocks containing lithium this metal

finds its way into the soil. It has been detected in that of the

Limagne d'Auvergne, and can be traced in the ashes of the

plants which grow in that district (Truchot).
3 It is widely

distributed throughout the vegetable kingdom, occurring in the

ash of the vine, in that of many cereals, in sea-weed and in to-

bacco (Bunsen and Kirchhoff). It has been found especially in

the leaves of many plants, in cacao, coffee, and sugar-cane. It

appears however that lithium salts cannot replace potassium
salts in plants ; indeed, when added in quantity they generally

seem to act as a poison. In certain plants, however, such as for

instance the Samolus Valerandi. lithium appears to act bene-

ficially, inasmuch as the stronger plants contain most lithium.

From the vegetable world lithium finds its way into the

animal kingdom; thus Bunsen and Kirchhoff observed its

presence in the ashes of milk and in human blood and muscular

tissue. Nor is lithium a metal which is confined to terrestrial

matter, for Bunsen 4 has detected it in two meteoric masses, one of

which fell at Juvenas in France on May 15, 1821, and the other

at Parnallee in Southern India on 28th February, 1857, and

Engelbach
5 observed lithium in a meteorite from the Cape. The

presence of lithium has also been detected in the atmosphere of

the sun (Lockyer).

90 Extraction of Lithium Salts. 1. From petalite and lepi-

dolite. The first method of extraction, proposed by Berzelius,
6

consists in fusing the powdered mineral with double its weight
of lime. On dissolving the fused mass in hydrochloric acid, and

evaporating with sulphuric acid, the lithium is obtained in solu-

tion as sulphate, together with some aluminium sulphate and

gypsum. The first salt is precipitated by addition of chalk, and

the second by oxalate of ammonia. This method was improved

by Regnault and again much simplified by Troost.7 This latter

chemist fuses the following mixture at a very high temperature

1 Jahresbericht der Chimie 1861, 1091. 2 CJwm. News. x. 181.
8 Deutsch Chem. Ocs. Bcr. vii. 653 ; Comptcs Reiidus, Ixxviii. 1022.
4 Ann. Chem. Pharm. cxx. 253. 6

Pogg. Ann. cxvi. 512.
6

Traitt, ii. 89. r
Comptes Ecndus, xliii. 921.
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in a wind furnace: finely powdered lepidolite, 10 parts; barium

carbonate, 10 parts; barium sulphate, 5 parts; potassium sulphate,

3 parts. The heavy silicate and sulphate of barium sink to the

bottom, and a layer of the sulphates of potassium and lithium is

found at the top of the fused mass. These can be extracted by

simple lixiviation. The sulphates are then converted into

chlorides by the addition of barium chloride, the chlorides

evaporated to dryness, and the lithium chloride extracted by
treatment with a mixture of absolute alcohol and ether.

2. For the purpose of extracting lithium salts from triphy-

line, a process proposed by Hugo M tiller,
1 is the best. This

consists in dissolving the mineral in hydrochloric acid, oxi-

dizing with nitric acid, precipitating the phosphoric acid with

a persalt of iron, evaporating to dryness and extracting with

hot water. Chlorides of manganese and lithium are thus

dissolved. The manganese is precipitated by sulphide of

barium, and the excess of barium removed by sulphuric acid.

The oxalate of lithium is obtained by evaporating with oxalic

acid, and this on ignition is converted into the carbonate.

91 Preparation of Lithium. The attempts made by Arfved-

son and Gmelin to prepare metallic lithium were fruitless. They
endeavoured to separate the metal by the electrolysis of its salts

but the battery they used was not powerful enough. Later on,

the decomposition of lithia was tried by heating it with iron, and

carbon
;
these experiments also proved abortive. Then Davy

succeeded in obtaining a small quantity of the metal by elec-

trolysis, but was unable to examine its properties. In 1855

Bunsen and Matthiessen were the first to obtain lithium by

electrolysis in quantity, and to examine its properties care-

fully. The following is Bunsen's description of the process.
2

"Pure chloride of lithium is fused over a Berzelius' spirit-

lamp (or Bunsen's gas-lamp), in a small thick porcelain

crucible, and is decomposed by a zinc-carbon battery consisting

of four to six cells. The positive pole is a small splinter of

gas-coke, and the negative an iron wire about the thinness

of a knitting-needle. After a few seconds, a small silver-

white regulus is formed under the fused chloride round the

iron wire and adhering to it, which after two or three minutes

attains the size of a small pea : to obtain the metal, the wire

pole and the regulus are lifted out of the fused mass by a

1 Ann. Chcm. Pharm. Ixxxv. 251.
8 Chf.m. Soc. Journ. viii. 143.
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small flat spoou-shaped iron spatula. The wire can then be

withdrawn from the still melted metal, which is protected

from ignition by the chloride of lithium with which it is

coated. The metal may now be easily taken off the spatula

with a pen-knife, after having been cooled tinder rock oil.

As this operation can be repeated every three minutes, an

ounce of chloride of lithium may be reduced in a very short

time."

Lithium cannot be obtained by a similar process to that by
which sodium and potassium are prepared by heating the

carbonate with charcoal, or by heating the hydroxide with

iron, as it can only be volatilized in a current of hydrogen at

a white heat (Troost).

Properties. Lithium is a solid, possessing a silver-like lustre,

bat tarnishes on exposure to the air. It is much less oxidizable

than potassium or sodium. It is not so soft as these metals, but

is softer than lead, and makes a grey streak on paper. Lithium

can be pressed into wire, and can be welded at ordinary tem-

peratures. It melts at 180, and if the melted metal be pressed
between two sheets of glass, a surface is obtained which exhibits

the colour and brilliancy of polished silver. Lithium floats on

petroleum, and is the lightest of all known solids; its specific

gravity varying from 5891 to 0'5983 (Bunsen).
Heated in the air lithium ignites at a temperature above its

fusing point, burning tranquilly with a bright white light. It

also burns when heated in chlorine, bromine, iodine, dry
carbon dioxide, or sulphur vapour. When thrown on to water

it oxidizes, but does not fuse like sodium. Nitric acid acts on

it so violently, that it fuses and often ignites. Concentrated

sulphuric acid attacks it slowly, but diluted sulphuric and

hydrochloric acids quickly. Silica, glass, and porcelain are

attacked by lithium at a temperature below 200 (Bunsen and

Matthiessen). Lithium is more electro-negative than sodium.

LITHIUM AND OXYGEN.

92 Lithium Oxide, Li
20. Dry oxygen does not act upon

lithium at the ordinary temperature. Indeed the metal may be

melted in the air without losing its brilliancy. Heated much
above 180 lithium takes fire and burns brilliantly in the air with

the formation of lithium oxide or lithia which is coloured yellow

by a small quantity of a higher oxide. It may be prepared in a
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purer state by heating nitrate of lithium in a silver basin. It forms
a white crystalline mass which dissolves slowly in water with the
formation of the hydrate, LiOH. This latter compound is also

obtained by boiling carbonate of lithium for some hours with
milk of lime, and evaporating the clear liquid to dryness in a
silver basin. It forms a white caustic crystalline mass resembling
caustic soda, which melts at a red-heat and does not volatilize

at a white heat, and is insoluble in a mixture of alcohol and
ether. Its solution absorbs carbonic acid from the air but less

rapidly than soda does, and it does not deliquesce on exposure.
A crystalline hydrate LiOH + H2

O has also been obtained. 1

SALTS OF LITHIUM.

93 Lithium Chloride, LiCl. This salt is formed when lithium

burns in chlorine, or when lithia or the carbonate is dissolved in

hydrochloric acid. Its preparation from spodumene and petalite

has already been described. By evaporating the aqueous solu-

tion above 15'5, or the alcoholic solution over sulphuric acid, the

chloride is obtained in octohedrons. The salt melts at a low red-

heat to a mobile liquid. Its specific gravity is 2 074. It is one

of the most deliquescent salts known, and is also very soluble

in alcohol
;
wrhen its aqueous solution is evaporated to dryness,

traces of hydrochloric acid are given off, a little lithia being
formed

;
and on re-dissolving, the liquid has an alkaline

reaction. Two hydrated chlorides are known, viz., LiCl + H2

and LiCl + 2K.O.

100 parts of water dissolve :

At 20 Go 80 140
3

160

LiCl 637 807 104-2 115 139 145 parts

The saturated solution boils at 171 (Kremers).
Normal Lithium Sulphate, Li.2S04 + H

2
0. This salt, which

crystallizes in thin monoclinic plates, is obtained by dissolving

the carbonate in sulphuric acid. It is easily soluble in water

and alcohol.

Hydroycn Lithium Sulphate, LiHS04 , is also known. 2

Double Sulphate, ofLithium and Potassium, KLiS04
, Rhombic

crystals of this double salt separate out when a solution con-

taining equal molecules of the two sulphates is cooled.

1 Mnretow, Bcr. Dcutech. fihcm. Gcs. v. 331.
2
Sdmltz, Poyg. cxxxiii. 137.
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Lithium Nitrate,, LiN03 ,
a salt very soluble in botli water and

alcohol, is obtained by dissolving lithium carbonate in nitric acid.

It crystallizes at 15 in anhydrous rhombohedrons isomorphous
with sodium nitrate (Troost), whilst below 10 a hydrated salt

Laving the composition 2LiNO
3 + 5H2 is deposited.

94 Normal Lithium Phosphate, Li
3
P0

4 , is distinguished from

the phosphates of the other alkaline metals by its difficult solu-

bility in water, in this respect resembling the pnospnatf s of the

next group of metals. It is precipitated as a crystalline powder

by adding a lithium salt to common phosphate of soda together

with caustic soda. It may also be obtained as a light amor-

phous powder by treating a lithium salt of a volatile acid with

an excess of sodium phosphate. It dissolves in 2,539 parts of

water and in 3,920 of water rendered alkaline by ammonia.

In presence of ammoniacal salts it is much more soluble, and

is precipitated from the solution by heating with caustic potash.

It is readily soluble in hydrochloric and nitric acids
; baryta

water precipitates the phosphoric acid from the solution as

barium phosphate, the whole oi the lil 'num salt remaining in

solution (W. Mayer). When a nitric acid solution of the normal

salt is evaporated and the excess OE free acid driven off. the

di-hydrogen salt, H^LiPO^, remains behind. This is readily

soluble, and, on evaporation over sulphuric acid, deposits

deliquescent crystals.

Lithium Orthosilicatc, Li
4
Si0

4 ,
is prepared by fusing lithium

carbonate with silica. This reaction differs from that observed

with an excess of the other alkaline carbonates, inasmuch as in

this case two molecules of carbon dioxide are liberated for every
molecule of silica employed. The salt is decomposed by water

(Yorke).

95 Normal Lithium Carbonate, Li
2
C0

3
. This salt, unlike the

carbonates of the other alkali metalfe, is but slightly soluble in

water, thus more nearly resembling the carbonates of the next

group of metals. It is precipitated as a crystalline powder
when concentrated solution of lithium chloride is poured into

a solution of ammonium carbonate in aqueous ammonia, and
the mixture heated so long as the precipitate increases in bulk.

100 parts of water at 13 dissolve 0769 parts of this salt, and
at 102, 778 parts (Kramers). If the solution be slowly evapo-
rated, crystalline crusts or small transparent crystals of the salt

are deposited. It these be suspended in water, and carbon di-

oxide passed in 5'25 parts of the salt dissolved in 100 parts of
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water, hydrogen lithium carbonate, HT,iC03, is formed. This
solution on standing or evaporation loses carbon dioxide, and
the normal salt is again deposited. Carbonate of lithium is

employed in medicine, especially in gouty affections.

DETECTION AND ESTIMATION OF LITHIUM.

96 The presence of extremely small traces of lithium com-

pounds (10.000.000 ot a milligram) can be ascertained with cer-

tainty by means of the spectroscope. The luminous vapour of

lithium, obtained by bringing a trace of the salt on a fine

platinum wire into the non-luminous gas flame, gives, when
examined by a spectroscope, two sharply-defined lines the

one a very weak yellow line, Li/S (wave-length
=

6101); the

other a bright red line Lia (wave-length = 6708). Not only
do all the lithium salts when thus heated give this reaction

but ashes of plants, and the lithium minerals only require
for this purpose to be held in the flame. Natural silicates

which only contain traces of lithium must first be subjected
to the following treatment. A small portion of the substance

is digested with hydrofluoric acid, the residue moistened with

sulphuric acid and heated
;
the dry mass is then treated with

alcohol and the extract allowed to evaporate in a shallow

dish. The solid particles are scraped off and brought into

the flame on the platinum wire (Bunsen).
Lithium is separated from all the heavy and earthy metals

in the ordinary process of analysis. It may be separated
from potassium by the precipitation of the latter metal as

the insoluble double chloride of potassium and platinum, the

corresponding lithium compound being soluble. It can be

separated from sodium by the solubility of lithium chloride

in a mixture of ether and absolute alcohol. But as by this

process a small quantity of sodium chloride is found to dis-

solve, Bunsen l recommends an indirect method by determining
the quantity of silver chloride yielded by a given weight of the

mixed alkaline chlorides.

The atomic weight of lithium was first accurately ascertained

by Mallet in 1856 and 185!), and by K. Diehl in 1862. It was

afterwards determined by Stas by converting the chloride into

the nitrate, and by the determination of the amount of chlorine

contained in lithium chloride.

1 Phil. Mag. [4] xxiv. 48.
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RUBIDIUM, Rb =
85'2.

97 In the year 1860 Bunsen 1 announced the discovery by
means of spectrum analysis of a new alkali-metal, to which

he gave the name of Cccsium, and in 1861 he discovered by
the same method a seeond new alkali metal, and to this he gave
the name Rubidium.

These two metals and their compounds possess so close a

resemblance, and at the same time give reactions so similar to

those of potassium, that they cannot be distinguished either

from the well-known alkali or from one another by any of the

common wet reactions or blowpipe tests. The only means by
\vhich their presence can be detected is by their spectrum

reactions, and these are so delicate and so characteristic that

they serve for fhe certain recognition of the minutest trace of

these two new bodies, whether present alone or mixed with the

other alkalis. The metals were first met with by Bunsen in

the waters of Diirkheim in the Palatinate, and in the mineral

petalite. In these, however, they are contained in such small

quantity that, although their presence can be easily recognized
in a few drops of the water or in a few grains of the mineral,

it was requisite to boil down 40 tons of the water and to work

up 150 kilograms of the mineral in order to obtain enough of

the new metals to serve for the investigation of their com-

pounds.
The following extract from Bunsen and Kirchhoff'3 second

memoir on Spectrum Analysis
2

gives a clear idea of the

method by which the presence of the two aew metals was first

detected :

"If a drop of the mother-liquor of the Diirkheim water be

brought into the flame of the spectrum apparatus, the character-

istic lines of sodium, potassium, lithium, calcium, and strontium

are at once seen. If the lime, strontia, and magnesia be sepa-

rated according to well-known processes, and if the residual

alkali bases in the form of nitrates be washed out with

alcohol, and the lithium removed as completely as possible by

precipitation with carbonate of ammonium, a mother-liquor is

obtained which in the spectrum apparatus shows the lines of

sodium, potassium, and lithium, but besides these, two splendid
1 Berlin Acad. Ber. May 10, 1860.
* Phil. Mag. [4] sxii. 330.
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blue lines situated close together, and almost coinciding with

the blue strontium line SrS.
" As no known elementary body produces two blue lines in

this portion of the spectrum, we may consider the existence

of this hitherto unknown alkaline element as thus placed

beyond doubt.
" The facility with which a few thousandths of a milligram

of this body may be recognized by the bright blue light of its

incandescent vapour, even when mixed with large quantities of

more common alkalis, has induced us to propose for it the name
Ccesium (and the symbol Cs), derived from the Latin ccesius,

used to designate the blue of the clear sky.
1

"
If Saxony lepidolite be treated by any of the known plans

for separating the alkalis from the other constituents, and if

the solution of the alkalis thus obtained be precipitated with

dichloride of platinum, an abundant precipitate informed, which,

when examined in the spectrum apparatus, shows only the bright

potassium lines. If this precipitate be repeatedly washed with

boiling water, and the residual salt occasionally examined in

the apparatus, two splendid violet lines lying between the

strontium line SrS and the blue potassium line KJ will be

noticed on the gradually fading continuous background of the

potassium spectrum. These new lines increase in brilliancy as

the washing is continued, and a number more appear in the

red, yellow, and green portions of the spectrum.
" None of these lines belong to any previously known body.

Amongst them are two which are especially remarkable as lying

beyond Fraunhofer's line A and the potassium line Ka coin-

cident with it, and therefore situated in the outermost portion

of the red solar rays. Hence we propose for this new metal

the name Rubidium (and the symbol Rb), from the Latin

rubidus, which was used to express the darkest red colour. 2

Since this discovery, rubidium has been shown to be widely

distributed, generally accompanying the other alkalis, but in

very minute quantities. Rubidium occurs m many minerals,

such as lepidolites, and triphyllines, in Stassfurt camullite, in

Vesuvian leucite, in the porphyrites of the Palatinate, in mica

and in orthoclase.

1 Aulus Gellius, in his Nodes Attica, ii. 26, quotes Nigidius Fignlus as follows :

" Nostris nutem veteribus cnesia dicta est, quie a Grtecis y\aK<2wts ut Nigidius

ait, de colorc cceli quasi ccelia."
- Aldus Gcllins, Noctcs Atticcc, ii. 26.

" Rubidius autem est rufus ntrior et

ni^rore nudto inustus."
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The following is the analysis of the lepidolite from Eozena in

Moravia in which Kirchhoff and Bunsen first discovered

rubibium :

Silica 5032
Alumina 28*54

Ferric oxide . . . 73

Lime I'Ol

Magnesia ..... 0'51

Eubidium oxide .... -24

Caesium oxide .... trace

Lithium oxide . . . . 070
Lithium fluoride .... 0'99

Sodium fluoride . . . . 177
Potassium fluoride . . . 12 -06

Water 312

99-99

A large number of brine-springs and mineral-waters also

contain the new alkali. Thus the hot springs of the Ungemach
contain in 1 liter 1'3 milligram of chloride of rubidium

(Bunsen) ; the mineral water of Bourbonne-les-Bains contains

187 milligrams of the same salt, and 32 5 milligrams of csesiurn

chloride

The celebrated waters of Ems, Kissingen, Nauheim Selters,

Vichy, Wildbad-Gastein, and many others contain rubidium, and

some of them also caesium compounds. Eubidium has been

found in sea-weed and in sea-water (Sonstadt),
1 and also in

the mother-liquors (bitterns) from the salterns of Villefranche

(Grandeau). Eubidium salts are also widely met with in the

vegetable kingdom. Beetroot takes up these salts from the soil,

and in the saline residue obtained by calcining the fermented

molasses considerable quantities of rubidium salts are contained.

Thus 100 parts of the saline residue contain 018 parts of

chloride of rubidium (Grandeau). Then it has also been found

in samples of tobacco grown in the most distant quarters of the

globe such as Algiers, Havana, Kentucky, France, and Mace-

donia. Eubidium likewise occurs in several kinds of coffee and

tea (Grandeau) ;
in the ash of the oak, Quercm Pubesc^ns, in

those of beech trees grown on a basaltic soil, in crude cream

1 CJtem. News, xxii.
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of tartar, and in potashes from various sources. Plants can

however not absorb rubidium salts in place of potassium salts

and they die if these latter are not present (Lucanus).
Mode of preparation of Rubidium compounds. According to

Bunsen the best source of rubidium is the saline residue left

from the preparation of lithium salts from Saxon lepidolite,

This consists of the chlorides of sodium, potassium, and lithium,

and traces of the chlorides of ca?,sium and rubidium. The

separation of these new metals is based upon the fact that their

chlorides form double chlorides with platinic chloride, which

are more insoluble than the corresponding potassium double

chloride. One kilogram of the saline mixture is dissolved in

2'5 kilograms of water, and the cold liquid precipitated by a

solution of thirty grams of platinum in aqua regia. The pre-

cipitate, having settled down, is collected and boiled twenty-five
times successively with small quantities of water, in all about

1*5 kilograms, the liquid in each case being poured on to the

solution of the original salt. A fresh precipitate is then formed,
this is again washed and treated as the first, and when the

above series of operations have been repeated seven or eight
times the rubidium will be nearly all extracted. Each of the

platinum precipitates is then dried, the platinum reduced by

hydrogen, and the alkaline chlorides dissolved in water. In

this way 125 grams of rubidium chloride were obtained, con-

taining three or four per cent, of chloride of potassium, and a

little chloride of caesium. By a repetition of the precipitation

and washing of the platinic double chloride this quantity of

potassium impurity can be so completely removed that the

well-known red potassium line (Ka) is not seen with a spectro-

scope when some of the salt is held in the flame (Bunsen).

98 Preparation of the Metal. Eubidium is prepared by the

same process as that used for potassium.
Charred tartrate of rubidium is heated in an iron tube to

whiteness. Bunsen prepared the metal first, and he obtained

five grams of rubidium from seventy-five grams of the tartrate.

Setterberg has since prepared larger quantities.

It is a silver white metal of specific gravity To 2. At - 10 it

is still soft and wax-like. It melts at 38'5, and emits at in-

cipient redness a blue coloured vapour. It appears to form an

explosive compound with carbon monoxide as potassium does.

flulndium Oxide and lly /mwfr,.Rb2
O and RbOH. Rubidium

on exposure to air at once becomes covered with a bluish
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coating of suboxide, and takes fire spontaneously more readily

than potassium with formation of the white oxide, Rb2

(Bunsen).
When thrown on to water rubidium burns like potassium.

The hydrate is best prepared by adding baryta-water to a

solution of rubidium sulphate. A greyish white, deliquescent

mass is obtained by evaporating the clear solution to dryness in

a silver vessel.

SALTS OF RUBIDIUM.

These salts present the greatest similarity to those of potas-

sium and are isomorphous with them.

Rubidium Chloride, EbCl. Rubidium takes fire in chlorine

gas burning with a bright light. Chloride of rubidium

crystallizes in glittering cubes which melt at a red-heat. 100

parts of water dissolve at 1 76-38, and at 7 82-89 parts of

the salt.

Rubidium Chlorate, RbC108,
is obtained by the double de-

composition of rubidium sulphate and barium chlorate. It

crystallises in small prisms which taste like potassium chlorate,

and of which 2 '8 parts dissolve in 100 parts of water at 40-
7 and

5'1 parts at 19.

Rubidium PerMorate, RbC104 ,
is a granular powder consisting

of glittering microscopic crystals belonging to the rhombic

system. When heated below redness it decomposes into

rubidium chloride and oxygen. 100 parts of water dissolve at

2I-3 1-085 parts of the salt.

Normal Rubidium Sulphate, Eb2S04 ,
exists as large rhombic

crystals which taste like potassium sulphate. 100 parts of

water dissolve at 10 424 parts of this salt.

Rubidium Nitrate, RbNO3, crystallizes in needles or prisms,
and is very soluble in water; 100 parts of water dissolve at

201, and at 10 435 parts of this salt. Tt can be distinguished
from nitre, inasmuch as it readily dissolves in concentrated

nitric acid.

Rubidium Carbonate, Rb2C03
. The normal salt is obtained

by decomposing the sulphate with baryta water and evaporating
the filtrate with carbonate of ammonia. It is a deliquescent

powder which is very soluble 'in water. If the solution of this

salt be saturated with carbon dioxide, and allowed to evaporate
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over sulphuric acid, glittering prisms of the acid salt, HRbC03,

are obtained
;
these have a cooling taste and are easily soluble in

water.

DETECTION AND ESTIMATION OF RUBIDIUM.

99 The rubidium salts when brought into' the non-luminous

gas flame impart to it a tint rather more of a red shade than

is produced by the potassium salts.

The flame spectrum exhibits two characteristic lines in the

violet Rba (wave-length 4202) and Rb#. These are the most

valuable as the means of recognising the rubidium salts. Two
other rubidium lines, RbS and Rby, are seen at the red end of

the spectrum ; they are both less refrangible than the red potas-

sium lines. Besides these several other characteristic lines

occur. The spectrum reaction for rubidium is so delicate that

0-002 mgrm. can be readily detected (Bunsen).

Bunsen determined the atomic weight of the metal by pre-

cipitating the pure chloride by nitrate of silver. He found as

a mean result the number 85*2 for the atomic weight of rubidium,

and Grandeau obtained a closely corresponding number by the

analysis of the sulphate.

CESIUM, Cs =
132-5.

100 This metal is remarkable not only as having been the

first one discovered by spectrum analysis, but also because even

before Bunsen's discovery of this metal, chemists had investi-

gated certain cresium compounds, which however they had

mistaken for potassium salts. Thus, in the year 1846, Plattner

analyzed a rare mineral found in the island of Elba, and termed.

Pollux,
1 with the following result :

Silica

Alumina .....
Ferric oxide.....
Potash

Soda

Water' .

9275

1
Pogg. Ann. Ixix. 443.

61
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Plattner, being a careful experimentalist, sought for an expla-
nation of the fact that his analyses did not add up to 100 parts,

although he searched in vain for all other constituents. The

explanation of the enigma was given by the discovery of

caesium, for Pisani 1 in the year 1864, found on analysis of

another sample of the same mineral that the alkali which
Plattner had mistaken for potassium is, in reality, caesium. His

analysis gave the following numbers :

Silica 44-03

Alumina 15-97

Ferric oxide .... 0'68

Lime 0'68

Cassia . . .... 34D7
Soda 3-88

Water 2'40

101-71

If we now calculate the quantity of caesium oxide correspond-

ing to the amount of potash found by Plattner as the platinum
double salt, we obtain the number 35'69

;
if we next subtract

the weight of the chloride of csesium thus found from the weight
of the mixed chlorides of caesium and sodium as found by
Plattner, we obtain the number 172 as the amount of soda

present. These numbers correspond satisfactorily with Pisani's

results, especially when we remember that the quantity of

mineral analysed by Plattner was very small. P>oth analyses,

therefore, lead to the formula for pollux of

10 Si0
2 + 5 (Cs20, Na 20, CaO) + 2 (A12 S ,

Fe
2 3) + 2 H

2
0.

It has already been mentioned under rubidium that caesium

occurs generally together with this and the other alkali metals.

Caesium alone is found in the mineral waters of Frankhausen,

of Monte Latino in Tuscany, as well as in the Wheal Clifford

Spring, one liter of this latter water containing 171 mgrms. of

ceesium chloride (Yorke). It is a remarkable fact that plants

do not take up any csesium compounds from the soil, and in

absence of potassium compounds, caesium acts as a poison upon

vegetable life (Lucanus).
Caesium has recently been obtained by Setterberg by the

1
Comples licndus, Ix. 714
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electrolysis of a mixture of caesium and barium cyanides. The
metal is of a silver-white colour, takes fire when heated in

the air, melts at 26'5, and has a specific gravity of T88 at 15V
In the presence of mercury an amalgam is formed which is

more electro-positive than the rubidium amalgam, and hence
metallic caesium is the most electro-positive of the metals.

Ccesium Hydroxide, CsOH, is obtained by a process similar

to that by which rubidium hydroxide is prepared, and resembles

it in every particular.

SALTS OF CESIUM.

101 The ccesium salts are isoinorphous with those of potassium
and rubidium. They colour the flame of a still more reddish

tint than the salts of the last named metal. The caesium

platinum double chloride, Cs
2
PtCl

6 , is still more insoluble than

the corresponding rubidium compound.
Ccesium Ckloride, CsCl, crystallizes in small cubes which

melt at a dull red heat, and volatilize even more readily thaii

potassium chloride. It is very hygroscopic and deliquesces in

moist air.

Normal Ccesium Sulphate, Cs2
S0

4 , forms short, hard, pris

matic crystals, insoluble in alcohol though readily soluble in

water. The acid salt, HCsS04, crystallizes in rhombic prisms.

Ccesium Nitrate, CsN03 , crystallizes in small glittering prisms
which possess the cooling taste of saltpetre, and are slightly

soluble in alcohol. 100 parts of water at 32 dissolve 10 58

parts of this salt.

Normal Ccesium Carbonate, Cs C03
. This salt separates out

from a syrupy solution in the form of ill- defined hydrated

deliquescent crystals. They melt on heating, leaving a residue

of the anhydrous salt as a sandy powder. It is soluble in

absolute alcohol. 100 parts of alcohol dissolve at 19 111, and

at the boiling point 20'1 parts of the anhydrous salt. The acid

salt, HCsC03 , crystallizes from aqueous solution in large prisms.

DETECTION AND ESTIMATION OF CAESIUM.

102 The spectrum of csesium contains in addition to the two

characteristic bright blue lines Csa (wave-length 4972) and

Cs/3, several other less distinct lines.

1
Setterberg, Liebig's Ann., ccxi. 100.
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In order to separate caesium from rubidium salts, the solu-

bility of the normal carbonate of caesium in absolute alcohol

may be made use of (Bunsen). A second method of separation

depends upon the fact that the acid tartrate of rubidium,

C4
H

5
Eb06 ,

is much more insoluble than the corresponding

caesium compound. For this separation twice as much tartaric

acid is added to the solution of the mixed carbonates as is

needed for their complete neutralization
;
the solution is then

evaporated at 100
r
until it is nearly saturated and allowed to

cool. Acid tartrate of rubidium then separates out, and after

having been three times recrystallized it is free from caesium.1

Another very useful method of separation depends upon the

fact that caesium alum, Cs
2
S0

4,Al.23S04 + 24H
20, is much less

soluble than the corresponding rubidium and potassium alums.

100 parts of water at 17 dissolve
-619 parts of caesium alum,

2 -

27 parts of rubidium alum, and 13 -

5 parts of potassium alum

(Eedtenbacher). By frequent recrystallization of the mixed alums,

the rubidium and caesium can be readily separated from one

another. In order to prepare the pure salts it is only necessary
to precipitate the alumina by means of ammonia, and to ignite

when the sulphates are left, from which the other compounds
can be readily obtained.2

A third method of separation depends upon the formation of

an insoluble double chloride which caesium forms with stannic

chloride, CsSnCl
6

.

3 Instead of stannic chloride, antimony
chloride may also be used, which is dissolved by concentrated

hydrochloric acid, and mixed with an acid solution of the mixed

alkaline chlorides. A white precipitate then falls possessing
the composition SbCl

3 + GCsCl.4 The tin or antimony can be

readily separated from either of these compounds by sulphuretted

hydrogen, and on evaporating the solution, pure caesium chloride

remains behind.

As an illustration of the method by which the relative

quantities of rubidium and caesium can be determined in a

mixture of the chlorides of the two metals, the following
determination by Bunsen may be quoted. The mixed chlorides

weighing T0343 grm. were precipitated by silver nitrate, and

thus 11404 grm. of silver chloride obtained. Let A signify

1
Allen, Sill. Am. Journ. [2], xxxiv. 367.

2
Godetiroy, Liebig Ann., clxxxi. 176.

8
Sharplos, Sill. Am. Jmirn. [2], xlvii. 178.

4
Godefl'roy, Ber. Dcut ch. Chem. Gen. viii. 9.
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the weight of x parts of chloride of rubidium and y parts
of chloride of caesium, and let B signify the weight of silver

nitrate. Then we obtained the following equations

x = 3-50963# - 3-16906^

y = 4-1C906-4 - 3-50963

Hence the mixture contains

x = 69-87

y = 30-13

100-00

The atomic weight of ciesium has been ascertained by the

analysis of the chloride by means of silver nitrate. Johnson
and Allen as well as Bunsen thus obtained the number 132'7,
whilst Godeffroy obtained the number 132'3.

AMMONIUM SALTS.

103 The name volatile alkali was long ago given to ammonia as

pointing out its similarity to the fixed alkalis potash and soda.

In 1808, Seebeck made the interesting discovery thut when

mercury is brought into a strong aqueous solution of ammonia,
and an electric current is passed through it, the metal increases

rapidly in bulk, giving rise to an amalgam-like mass. The

same observation was made almost simultaneously by Berzelius

and Pontin, whilst Davy, as soon as he was informed of the fact,

repeated the experiment and discovered that a piece of sal-

ammoniac moistened with water might be employed instead of

aqueous ammonia. Davy also noticed that the same amalgam-
like mass is formed when an amalgam of potassium is thrown

into a concentrated solution of sal-ammoniac. Hence he, like

Berzelius, came to the conclusion that ammonia must contain

oxygen, and that in this experiment, it, like potash and soda,

had been reduced by the electricity to a metal-like body. To

this metal-like substance, which was supposed to exist in this

amalgam, they gave the name of ammonium. This view of the

constitution of the ammonium compounds was objected to by

Gay-Lussac and Thenard, who, from their experiments on the

subject, carried out in the year 1809, concluded that the forma-

tion of the amalgam is due to a combination of the ammonia
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with hydrogen. They arrived at this result from observing that

the amalgam undergoes rapid spontaneous decomposition into

mercury, ammonia, and hydrogen gas. Arguing from analogy
the French philosophers were inclined to believe that in like

manner potassium and sodium could not be considered to be

true metals, but were rather the hydrogen compounds of the

alkalis. In reply to' these objections, Davy and Berzelius showed

that the hydrogen which was evolved arose from the decom-

posing action of the metallic ammonium upon the water which

adhered to it, in the same way as when sodium and potassium
are thrown into water, hydrogen is evolved. Berzelius con-

tinued for many years to hold the view that oxygen is contained

in ammonia, and he explained the fact that this element could

not be detected in the ammonia, by assuming that nitrogen
itself is an oxide of an element hitherto not isolated, to which

he gave the name of nitricum.

Ampere was the first, in the year 1816, to endeavour to explain
the analogy of the ammoniacal salts with those of the fixed al-

kalis. He showed that the differences in composition between the

salts of a fixed and those of the volatile alkali disappear when
we assume that, in the latter class of salts, a compound radical

exists composed of one volume of nitrogen to four volumes of

hydrogen ;
so that sal-ammoniac or hydrochloride of ammonia

may be regarded as the chloride of a metal-like substance to

which the name of ammonium had been given. In 1820, Ber-

zelius gave up his old view, and accepted the ammonium theory.

He allowed that aqueous ammonia must be regarded as a

solution of ammonium oxide, and assumed that when anhydrous
ammonia unites with an hydrogen acid (a substance to which

we now give the simple name of acid) the ammonia combines

with the hydrogen of the acid to form the metal-like radical

ammonium, and that this becomes an oxide by union with the

oxygen of the water.

According to our present views the ammonium salts are

considered as being derived from acids by the replacement of

their hydrogen by the radical ammonium. These salts are

isomorphous with the salts of potassium, and otherwise exhibit

a close analogy with them, as also with those of rubidium and

caBsium.

Ammonium Amalgam. This substance, whose existence has

already been mentioned, is formed when a piece of moistened

sal-ammoniac is laid 011 a platinum basin, a small quantity of
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mercury poured upon it, and this brought in contact with the

negative pole of a galvanic battery, the positive pole being con-

nected with the platinum basin. It may be obtained, still more

readily, by throwing sodium amalgam containing 1 per cent, of

sodium into a concentrated solution of sal-ammoniyc. The

mercury increases in bulk to upwards of twenty times its

original volume. It then contains from -

6 to 0'9 per cent, of

its weight of ammonium. This amalgam forms a light, soft,

buttery mass which at low temperatures becomes crystalline

and decomposes, even at 29, with evolution of two volumes

of ammonia and one volume of hydrogen. It may be dis-

tinguished from the amalgams of the alkali metals inasmuch as

it does not reduce the salts of silver and copper.
1 Hence some

chemists have supposed that it must be regarded merely as

a solution of ammonia and hydrogen in mercury. Against this

view, however, it is to be remembered that neither of these

gases, either alone or when mixed together, dissolves at all in

mercury.

104 Ammonium Chloride, NH4C1. The history of this salt, well

known under the name of sal-ammoniac, has already been given
at page 378 of Vol. I. It is found in the fumeroles of Vesuvius,

Etna, Hecla, and other volcanoes, as well as in the cracks and

fissures in recent lava streams. Its formation has also been

observed when large masses of coal undergo combustion, as

when a coal pit is on fire. The salt has also been observed in

guano from the Chincha Islands.

Sal-arnmoniac originally served as th< source from which all

the ammoniacal salts were prepared. At present, however, they

are usually obtained from ammonium sulphate, and from, the

ammoniacal liquor of the gasworks both of which are prepared
on an enormous scale. Tiie manufacture of sal-ammoniac is

simple enough. For this purpose the ammoniacal gas- liquor is

heated with lime, and the gaseous ammonia which is thus

evolved led into dilute hydrochloric acid until it is saturated.

The solution is evaporated and the sal-ammoniac purified by re-

crystallization from hot water. The best means of purifying the

.sal-ammoniac is, however, by the process of sublimation, and in

general sal-ammoniac occurs in commerce in the sublimed form.

The vessel employed for this purpose consists of two parts. The

lower one is either a semi-circular earthenware vessel embedded

in an iron one, or consists entirely of a cast-iron basin. The sal-

1
Landolt, Ann. C/iem. Pharm. Suppl. Band. vi. 342.
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ammoniac in the solid state is brought into this, and then a

semi-circular dome-like cover, either of earthenware, lead, or

iron, is placed over it, and this is luted tight with clay. In the

centre of the dome there is an opening which is left open during
the sublimation. Pure sal-ammoniac is also obtained by em-

ploying the same apparatus, but, instead of the impure salt,

a mixture of common salt, NaCl, and ammonium sulphate,

(NH4)2
S04, is heated, when sodium sulphate remains behind, sal-

ammoniac subliming as before.

Pure ammonium chloride is colourless and odourless and has

a sharp saline taste. It crystallizes from a saturated solution in

arborescent or feather-like growths which consist of an aggrega-

tion of small regular octohedrons, and other forms of the regular

system, as well as combinations of these, and often exhibit tra-

pezohedric hemihedry, so that the crystals appear to belong to the

hexagonal or quadratic system

(Fig. 88). From solution in

urea sal-ammoniac crystallizes

in cubes. When the salt is sub-

limed, and the vapour quickly

cooled, it is precipitated in the

form of a light crystalline

powder known as flowers of

sal-ammoniac. The common
sublimed sal-ammoniac is a

semi-transparent, fibrous, crys-
FIG. 38. talline mass, which is so tough

that it is difficult to powder the

substance. For the purpose of obtaining it in a fine powder, a

concentrated solution is evaporated down, and constantly stirred.

When sal-ammoniac dissolves in water a considerable re-

duction of temperature takes place ;
30 parts of salt dissolve

in 300 parts of water at 13'3 and the temperature is reduced

to-5-l (Kudorff)r 100 parts- of water dissolve at 028'4, at

10 32-8, and at 100 77'2 parts of the salt.
1 The boiling point

of the saturated solution is 115. Sal ammoniac is somewhat less

soluble in alcohol
;
thus 100 parts of alcohol of specific gravity

0-939 dissolve at 8
C

12'6, and at 56 301 parts of the salt.
2 The

specific gravity of sal-ammoniac is 1'52. It is not volatile at

the ordinary temperature of the air, but when boiled with

1 Allnard. Ann. Chem. Pharm. cxxxiii. 292.
2
Germ-din, Ann. Chim. Phys. [4], v. 129.
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water ammonia escapes in small quantity, and the solution,
which was perfectly neutral, becomes slightly acid. At higher

temperatures it evaporates completely, giving rise to a colourless

vapour, which, according to Bineau, has the specific gravity 89,

corresponding to a vapour density of 13'345, whilst the mole-

cular formula, NH4C1, requires a density of 26 69. Piom the

fact of the abnormal density it has been argued that the sal-

ammoniac vapour consists of a mixture of equal molecules of

ammonia and hydrochloric acid. The truth of this supposition
was tirst experimentally demonstrated by Pebal,

1 who allowed

the vapour of sal-ammoniac to diffuse into an atmosphere of

hydrogen, when the lighter ammonia was found to diffuse out

and the heavier hydrochloric acid to remain behind. K. von

Than 2 then showed that if dry ammonia and dry hydrochloric
acid be brought together at a temperature of upwards of 350,
at which point sal-ammoniac is gaseous, no change either of

temperature or of the volume of the gases is observed, whereas

if chemical union had taken place a change of both these would

naturally have been expected. Lastly, Marignac
3 observed that

in the volatilization of sal ammoniac nearly the same amount of

heat is absorbed as is evolved when ammonia and hydrochloric

acid combine. This fact of the dissociation of sal-ammoniac

can be readily shown by igniting a small piece of the solid in

a closed platinum crucible. On removing the lid after the salt

has been volatilized, and plunging a moistened piece of blue

litmus paper into the crucible, the litmus paper will be turned

bright red, proving the presence of free hydrochloric acid, the

ammonia having escaped. Deville,
4 on the other hand, does not

admit that sal-ammoniac is decomposed, as its vapour density at

1000 remains constant, a temperature at which ammonia itself

is converted into its elements.

Sal-ammoniac is used in medicine. In former days that

which came from Egypt was especially esteemed as a drug.

Large quantities are used in the processes of dyeing, and workers

in metal employ it in the processes of soldering and tinning, as at

a high temperature it either reduces the metallic oxide or con-

verts it into fusible chloride and thus gives rise to a bright

metallic surface. It is also of value in the laboratory both as a

reagent and as a convenient source of ammonia.

1 Ann. Clum. PJiarm cxxiii. 199.
3 Ann. Chcm. Fkarm.cx.ZJii 129.

3
Comptcs Kendus. Ixviii. 877.

* Jahrcsb. 1863, 87.
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105 Ammonium Bromide. NH
4Br, is very soluble in water,

and crystallizes in white cubes which taste like sal-ammoniac.

Ammonium Iodide, NH
4I, is best obtained by saturating

ammonia with hydriodic acid. It crystallizes in colourless

cubes readily soluble in water and in alcohol. It deliquesces in

moist air and gradually assumes a yellow colour due to the slow

liberation of iodine. It is used in photography as it is soluble

in alcohol.

When a small quantity of iodine is gradually added to a

concentrated solution of ammonium nitrate, rendered alkaline

by potash, ammonium di-iodide, NH
4
I
2 , separates out as a

brownish black mobile liquid. This substance is soluble in

alcohol and carbon disulphide. Water decomposes it into iodide

of nitrogen, NHI2, ammonium iodide, and hydriodic acid:

4NH
4
I
2
= NHI

2 + 3NH4
I + SHI.

Ammonium Fluoride, NH4F, is obtained by saturating hydro-
fluoric acid with ammonia. The commercial hydrofluoric acid,

however, generally contains lead and other metals which must

be previously removed by the addition of a small quantity of

ammonium carbonate and sulphide. The clear acid liquid is

then evaporated in a platinum basin and saturated with solid

carbonate of ammonia. Ammonium fluoride crystallizes in

hexagonal tables or prisms. It has a sharp saline taste and

deliquesces in moist air. It is more easily soluble in water than

sal-ammoniac, and decomposes at the ordinary temperature when

in the moist state. It decomposes the silicates on being heated

with them with evolution of silicon tetrafluoride, and hence it is

largely used in mineral analysis and for etching upon glass.

This may be readily accomplished by allowing a solution of the

salt to dry upon the place which it is desired to etch. It cannot

be preserved in glass bottles but must be kept in vessels either

of platinum, silver, or gutta-percha.

Hydrogen Ammonium Fluoride, NH4F, HF, is formed when
a solution of the normal salt is evaporated at a temperature of

about 40. It crystallizes in colourless rhombic prisms which

deliquesce slightly in the air and on heating evolve highly

irritating and acrid fumes.

Ammonium Chlorate, NII
4
C10

3
. When ammonia is saturated

with chloric acid and the solution evaporated, this salt crystal-

lizes out in small needles which have a strongly acrid taste

and are very soluble in water and slightly soluble in absolute
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alcohol. Heated to 102 the salt decomposes (Wachter)
chlorine, oxygen, nitrous oxide and aqueous vapour being
evolved and sal-ammoniac remaining behind. Occasionally the
salt undergoes spontaneous decomposition. When thrown on to

a hot plate it decrepitates like ammonium nitrate.

Ammonium Pcrchloratc, NH4C104 , is obtained by saturating
ammonia with perchloric acid. It forms rhombic crystals
which are isomorpbous with potassium perchlorate and dissolve

in five parts of cold water.

106 Normal Ammonium Sulphate, (NHJ 2
S0

4
. We find this

salt mentioned by Libavius, but more accurately described by
Glauber, who recommended its use as a medicine. It was long
known by the name of sal ammoniacum secrelum Glaulcri. This

salt is found in certain volcanic districts, especially in the neigh-
bourhood of the boric acid fumeroles of Tuscany, and it is termed

by mineralogists mascagnite. Ammonium sulphate is prepared
on the large scale by heating the ammoniacal gas liquor with

lime and leading the ammonia which is evolved into dilute

sulphuric acid. The solution is then evaporated to crystalliza-

tion. Large transparent crystals belonging to the rhombic

system are deposited which are isomorphous with potassium

sulphate. Their specific gravity is 177. They possess a strong
saline taste and dissolve at in 71, at 20 in 763 and at 100

in 97'5 parts of water. The salt is very difficultly soluble in

aqueous alcohol and does not dissolve in absolute alcohol.

Ammonium sulphate is used for the manufacture of other

ammonia salts and is also largely employed as a fertiliser in

artificial manures.

Ammonium Nitrate, NH4
N0

3
. This salt was first prepared by

Glauber and was originally known by the name of nitrum

flam-mans. It crystallizes, when its solution is slowly evaporated,

in rhombic prisms, but on boiling down it is usually obtained

in a fibrous mass. Its specific gravity is 17. It possesses a

strongly saline taste, and dissolves at the ordinary temperature

in half its weight of cold water, whilst it is still more soluble

in hot water. In dissolving a considerable reduction of tem-

perature takes place. Thus if 60 parts of the salt be dissolved

in 100 parts of water at a temperature of 13'6 the temperature

of the liquid sinks to 13'6, whilst if water at be taken the

temperature of 167 is obtained, this being the freezing point

of the solution (Guthrie). It is also easily soluble in alcohol.

When the dry salt is thrown on a red-hot plate it decomposes
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with the evolution of a yellow flame and a slight explosion, into

nitrogen, water, and nitric oxide, whereas if it be gently healed

it decomposes into water and nitrous oxide, a small portion of

the salt subliming unchanged.
Ammonium Nitrite, NH 4

X02
. Berzelius describes the best

means of preparing this salt to be to add a solution of sal

ammoniac to silver nitrite solution. The clear solution is then

evaporated ovei sulphuric acid. An indistinctly crystalline mass

is obtained, but this, as well as its aqueous solution, decomposes
when heated, into water and nitrogen.

107 Normal Ammonium Phospliaie, (NFT4)3
P0

4 ,
is obtained

as a crystalline semi-solid mass when hydrogen di-ammonium

phosphate is supersaturated with concentrated aqueous ammonia.

It crystallizes from its. solution in dilute ammonia in short

prismatic needles. These contain three molecules of water of

crystallization and are moderately stable in the air, but on boil-

ing the aqueous solution two-thirds of the ammonia is evolved.

Hydror/cn Di-ammonium Phosphate, H(NH 4)2
PO

4,
occurs in

guano from Ichaboe (Herapath) and is easilv formed when
a solution of phosphoric acid containing an excess of ammonia
is allowed to evaporate ; transparent mouocliuic prisms are thus

deposited.

Di-hydrogen Ammonium Phosphate, H2(NH4)P04 ,
is formed

when aqueous phosphoric acid is added to ammonia until the

solution reddens litmus paper, and is no longer precipitated by
b irium chloride. It crystallizes in tetragonal prisms and is iso-

niorphous with the corresponding potassium salt.

Hydrogen Ammonium Sodium Phosphate or Microcosmic Salt,

HNaNH 4PO4 + 4H
2
O. The old alchemists were aware that

this peculiar salt can be obtained from urine, but Marggraf was
the tirst to examine with care the salt which crystallizes from

evaporated urine and to show that it contains a volatile alkali,

whilst Proust found in 1775 that sodium was contained in this

compound. The salt was first termed sal urincv fixum in contra-

distinction to the sal urince volatile or ammonium carbonate,

but it was also termed sal microcosmicum
, being obtained from

the human body. This compound is also found in guano

(Herapath).
In order to prepare the compound five parts of common

rhombic phosphate of soda are dissolved in hot water together
with two parts of crystallized phosphate of ammonia and the

solution is allowed to cool. Transparent monoclinic prismatic
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crystals separate out, having a specific gravity of T55 and pos-

sessing a strongly saline taste. They melt readily on heating

giving off water and ammonia and leaving a residue of the di-

hydrogen sodium orthophosphate which again at a high tem-

perature melts with loss of water, forming a clear liquid, and

this on cooling yields a glassy mass of sodium hexametaphos-

phate. This substance is used largely as a blowpipe reagent
108 Carbonates of Ammonium. Commercial carbonate of

ammonia, sal-volatile, or salt of hartshorn, forms the starting-

point of these compounds. This substance was well known to

the later alchemists who prepared it by the dry distillation of

evaporated and decomposed urine, hartshorn, bones and other

animal matters. Its preparation from sal-ammoniac was first

described by Basil Valentine in the loth century but long after

this it was supposed that the volatile alkaline salts obtained

from various sources possessed different medicinal power, and

even up to the end of the 17th century English drops, which

were really nothing more than carbonate of ammonia mixed

with an ethereal oil, were sold at high prices and it was stated

by some that the volatile alkali contained in this substance was

prepared by the destructive distillation of silk, whilst others

gave the remarkable receipt that five Ibs. of skulls of persons

who had been hanged or otherwise come to an unnatural end

must be distilled with two Ibs. of dried vipers, hartshorn, and

ivory. More rational views concerning the composition of these

compounds were arrived at towards the end of the 18th century.

Dossie in his Elaboratory laid Open published in 1758 distinctly

states that the same animal substances always 'yield an equally

efficacious kind of volatile alkali.

Commercial Carbonate of Ammonia, commonly known as the

sesquicarbonate, is obtained by subliming a mixture of two parts

of chalk and one part of sal-ammoniac or sulphate of ammonia.

This operation is conducted in iron retorts furnished with leaden

receivers, and ten parts of sal-ammoniac yield from seven to eight

parts of the carbonate. The salt is then resublimed with the

addition of some water, and thus a white semi-transparent fibrous

mass is obtained which has a strongly ammoniacal smell and a pun-

gent caustic taste. This salt possesses the composition N^H^C^Oy
and consists of a compound of hydrogen ammonium carbonate

with ammonium carbamate; thus, H(NH4)C03 + NH4CO.^N1I 2
.

By treating the salt with strong alcohol the carbamate can be

dissolved whilst the ammonium carbonate remains undissolved.
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This same decomposition takes place when the salt is exposed

to the air, the carbamate undergoing slow volatilization.

The imparities liable to occur in the commercial salt are thio-

sulphate, sulphate, and chloride of ammonium, lead from the re-

ceiver, and lime and calcium chloride from the chalk employed.
Normal Ammonium Carbonate, (NH 4).2

C03 + H
2
0. Dalton

first prepared this salt by treating sal-volatile with a quantity of

water insufficient to dissolve it completely. It is also obtained

when ammonium carbamate is dissolved in water :

NH,
ONH4

It is however most readily prepared by digesting the common
commercial carbonate of ammonia for two hours at a temperature
of 12 with strong aqueous ammonia and drying the crystalline

powder which remains behind between blotting paper.

Transparent tabular or prismatic crystals are deposited from a

solution prepared at a temperature of from 30 to 35. These

possess an ammoniacal odour, attract moisture from the air and

become opaque from loss of ammonia and formation of hydro-

gen ammonium carbonate and water (Divers.)
l

Hydrogen Ammonium Carbonate, or Bicarbonate, H(NH4)C03
.

Crystals of this salt are sometimes found in Patagonian guano
and in the purifiers of gas-works. It is formed when the foregoing

compound is allowed to lie exposed to the air, or when its solution

is treated with carbon dioxide. It forms a white mealy powder,

or, when slowly crystallized, large rhombic crystals, which have a

cooling saline taste and do not smell of ammonia when in the

dry state. At GO it slowly undergoes decomposition with evo-

lution of carbon dioxide, ammonia, and water. When it is more

strongly heated in such a way that a small quantity of water

condenses and the gases are not allowed to recombine, the ordi-

nary commercial carbonate of ammonia is formed (Divers).
This salt dissolves at 15 in 8 parts of water. Its solution when

exposed to the air, as well when heated above 36, loses carbon

dioxide, but its saturated solution can be crystallized by cooling
out of contact with air. It is not soluble in alcohol but if the

alcoholic mixture be allowed to stand in the air carbon dioxide
is evolved and normal carbonate of ammonia dissolves. It forms
a double salt with the former compound having the composition
2H(iNTH4)C03 + (NH 4) 2

CO
S + H20, which may be rno&t easily

1 Chem. Soc. Journ. xxiii. 171.
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obtained by treating the commercial salt at 30 with a moderate
amount of tolerably concentrated ammonia and crystallizing.
This double salt forms fiat rhombic prisms or thin six-sided

tables, smells strongly of ammonia and dissolves at 15 in 5

parts of water. It is decomposed by an excess of water with
formation of the bicarbonate.

109 Ammonium Cyanide, NH4CN. When a mixture of sal-

ammoniac arid dry ferrocyanide of potassium, or mercury

cyanide, is heated, this salt sublimes in colourless cubes which
smell of both ammonia and hydrocyanic acid. It is easily
soluble in botli water and alcohol and evaporates at a tempe-
rature of 36. The vapour is inflammable and burns with a

yellow flame. It is an extremely poisonous salt and decomposes,

especially in the moist state, into azulmic acid.1

Ammonium Cyanate, NH 4OCN, is formed when the vapour
of cyanic acid is brought into contact with dry ammonia. It

forms a flocculent crystalline mass, easily soluble in water and

difficultly soluble in absolute alcohol. The salt is obtained in

solution by decomposing lead cyanate with ammonia at a

moderate temperature. This salt, as is well known, easily

undergoes molecular change into isomeric urea.

Ammonium Thiocyanate, NH4SCN", is formed by the dry
distillation of organic bodies containing both nitrogen and

sulphur. Hence it is always found in the ammoniacal gas

liquors. According to Liebig it is best prepared by saturating

two parts of ammonia of specific gravity 0'95 with sulphuretted

hydrogen; six parts of the same ammonia and two parts of

flowers of sulphur are then added, and this is mixed with the

hydrocyanic acid obtained from the decomposition of six parts

of yellow prussiate of potash. The mixture is then warmed for

a considerable time on a water-bath, then boiled and filtered, and

the filtrate evaporated to the crystallizing point. In this way
3 -

5 parts of ammonium thiocyanate are obtained :

2

HCN + (NH4)2
S + S = NH

4
SCN + H(NH4)S.

A simpler plan is that proposed by Millon : it consists in

mixing together 15 parts of aqueous ammonia, 2 parts of

carbon disulphide, and 15 parts of 88 per cent, spirits of

wine. After standing for twenty-four hours one-third of the

liquid is distilled off and the residue allowed to crystallize.
3

1 Vol. I., p. 659. Ann. Chem. Pharm. Lri. 126.
3 Journ. Pharm. [3], xxxviii. 407.
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Ammonium thiocarbonate is first formed in this reaction, and

this on heating decomposes into sulphuretted hydrogen and

the thiocyanate. Glaus recommends that three to four times

the above-mentioned quantity of carbon disulphide be used.1

The salt is very easily soluble in both water and alcohol, and

crystallizes in colourless plates. If 100 grams of this salt be-

dissolved in an equal weight of water at 17, the temperature
sinks to - 12 (Rudorff). The perfectly dry salt melts at 169,
and begins to decompose 1 above this point (Reynolds: see Vol. I.,

p. 654).

SULPHIDES OF AMMONIUM.

no Ammonium AfonosuIpMde, (NH4) 2S, is obtained when
two volumes of ammonia gas are mixed with one volume of

sulphuretted hydrogen and the mixture cooled to 18, or when

potassium sulphide is treated with sal-ammoniac and the

vapours led into a freezing mixture. It forms colourless

glittering crystals soluble in wr

ater, which on exposure to the

air pass into the next compound with evolution of ammonia.

The aqueous solution of the monosulphide is obtained by

saturating aqueous ammonia with sulphuretted hydrogen and

then adding an equal volume of ammonia. Ammonium mono-

sulphide is a strong sulpho-base.

Ammonium Hydrosulphide, H(NH4)S, is formed when ammo-
nia gas and sulphuretted hydrogen are brought together at the

ordinary temperature. It solidifies at to colourless needles

or tables, which sublime at the ordinary temperature. An

aqueous solution is prepared by saturating ammonia with

sulphuretted hydrogen. The anhydrous compound, as well as

its aqueous solution and that of the monosulphide, becomes

yellow on exposure to air. This is due to oxidation, water and

higher sulphides being formed.

Ammonium Tctrasvlphide, (NH4)2
S
4

. This compound is ob-

tained by cooling down the mother-liquor of the pentasulphide
and saturating it in turn with ammonia and sulphuretted

hydrogen. It forms crystals having a sulphur-yellow colour,

which lose their transparency on exposure to the air, and

yield on heating sulphur, ammonia, and ammonium hydro-

sulphide. It is easily soluble in water and alcohol.

Ammonium Pentasulphide, (NH4) S
5 ,

is obtained by mixing
a solution of ammonium hydrosulphide with flowers of sulphur,

1
LicMgs Ann. cl xix. 112.
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and leading into this mixture first ammonia and then sul-

phuretted hydrogen until the cooled liquid solidifies. Then it is

heated to a temperature of 50, and allowed to cool in absence

of air. Orange yellow rhombic prisms are deposited, which

dissolve in water with precipitation of plastic sulphur.

Ammonium ffeptasulphide, (XH4 ).,S7 , is formed by the de-

composition of the pentasulphide in the air. It is deposited
in the form of ruby-red crystals when this solution is allowed

to evaporate in the air :

3(NH4) 2
S
5
= 2(NH4) 2

S
7 + H(NH4)S + NH,

On heating it decomposes, leaving a residue of sulphur. It is

decomposed by water, but not so quickly as the pentasulphide.
The preparation of the- volatile sulphur compounds of am-

monia was known in early times. Thus, for instance, Basil

Valentine states that a blood-red oil may be obtained by dis-

tilling together common sulphur, quicklime, and sal-ammoniac.

He also says, "Take grey sulphur and quicklime a pound,
sal-ammoniac a fourth part ;

rub these together, when a splendid
red oil is obtained, which fixes and refines." Beguin was also

acquainted with this mode of preparation in the seventeenth

century, and this salt was known as spiritus sulphuric volatilis

Beyuinii. Boyle in 1663 observed 1 that the vapours of this

body possess the power of blackening metals, and he therefore

termed it a volatile tincture of sulphur, and this same substance

was known to the later chemists as spiritus fumans Boylei.

This is a mixture of several sulphides of ammonia. Boerhaave

in 1732 was the first to mention the fact that flowers of

sulphur dissolved in ammonia. This substance was formerly

known as volatile liver of sulphur. The preparation of the

compound by leading sulphuretted hydrogen into ammonia was

described by Kirwan in 1786.

OXYAMMOXIU.M COMPOUNDS.

in Hydroxylamine or Oxyammonia, like ammonia itself,

combines directly with acids, forming crystallizable salts, of

which the following are the most important:

Oxyammonium Chloride or Hydrochloride of Hydroxylamine,

NH
4
OC1 = NH

3
O.HC1. Thw salt crystallizes from a hot

saturated alcoholic solution in monoclinic prisms or plates. It

1 TJic Experimental History of Colours, Experiment xxxiv. Boyle, Op. i. 754.
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is very soluble in water, and less so in alcohol. On heating it

decomposes into sal-ammoniac, hydrochloric acid, water, and

nitrogen. When a concentrated aqueous solution of this salt

is brought into contact with a solution of hydroxylamine in

absolute alcohol, the crystalline salt, (NH30) 9.HC1, is pre-

cipitated ;
and when a concentrated solution of this latter salt

is mixed with one of the normal salt, large well-formed crystals

having the composition (o^H30) 3
.HCl are deposited.

Oxyammoninm Sulphate or Sulphate of Hydroxylamine,

(N"H40) 2
S0

4 , crystallizes from aqueous solution in large mono-

clinic prisms, and is precipitated 'in the form of needles on the

addition of alcohol to its aqueous solution.

Oxyammonium Nitrate or Nitrate of Hydroxylamine, NH4
O.N03,

is obtained by decomposing a solution of the chloride with

silver nitrate, or one of the sulphate with barium nitrate. On

evaporating the solution over sulphuric acid an oily liquid

remains, which at - 10 solidifies to a white crystalline mass,
which melts again at the ordinary temperature. It is very

easily soluble in water and in alcohol, and its aqueous solution

decomposes on the water-bath with the evolution of red

raponrs.
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METALS OF THE ALKALINE EARTHS.

Calcium. Strontium. Barium.

112 THE term earth was used by the older chemists to designate
all those non-metallic substances which are insoluble in water and

do not undergo alteration when exposed to a high temperature.
It was afterwards observed that some of these, such as lime and

magnesia, are closely allied to the alkalis, inasmuch as they

possess an alkaline reaction and easily neutralize acids. These

two bodies were termed terras alcalinas, and this name was sub-

sequently applied to baryta and strontia. The alkaline earths,

like the alkalis, were supposed to be elementary substances

until Davy, in the year 1808, showed that each earth is a

compound of oxygen and a metal.

CALCIUM, Ca = 399.

113 The very early application of mortar to building purposes

shows that the ancients were well acquainted with the proper-

ties of lime and its preparation by the burning of limestone.

In the writings of Dioscoricles and Pliny we find a description

given of the process of lime-burning, as well as of that of slaking

lime. The name earth was at one time applied not only to lime

and the other alkaline earths, but also to silica, alumina, and

magnesia. Indeed the alchemists believed that all earths con-

tained a common principle, known as primitive earth. For

many years lime was not distinguished from other earths, but

wards the middle of the eighteenth century it was noticed

mt different kinds of the so-called earths existed.

Calcium occurs very largely diffused in nature, especially as

the carbonate which occurs in various forms, suuh as calc-spar,
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arragonite, chalk, marble, limestone, coral, &c. United with

carbonate of magnesia, as magnesian limestone or dolomite, it

forms whole mountain ranges, and this compound, when crystal-

lized, is- known as bitter-spar. Many other minerals contain

calcium carbonate in isomorphous mixtures
; amongst these

may be mentioned chalybite or brown-spar, (CaMgiTeMn)C03 ,

mangano-calcite, (MnCaMg)C03 ; plurnbocalcite, (CaPb)C03 ,

&c. Calcium also occurs in large quantity as sulphate, eitliev

as the anhydrous compound, termed anhydrite, CaS04,
or in

the hydrated form, as selenite or gypsum, CaS04 + 2K
?
0.

Calcium phosphate, combined with calcium chloride or cal-

cium fluoride, occurs in the well-known minerals, apatite and

osteolite. Calcium borate is also found in nature combined

with many other metallic borates, whilst silicate of calcium

occurs as an almost invariable constituent of all silicates.

The solid constituents found in river and spring waters also

consist mainly of calcium carbonate or calcium sulphate, and

these, as well as phosphate and fluoride of calcium, are found

in sea-water. Calcium salts form a never-failing component
of the bodies of plants and animals, and cannot be replaced by

any other salts. They accumulate in the leaves of plants ;
the

roots and seeds, as a rule, yield only small quantities of them.

The bones and teeth of animals contain large amounts of calcium

phosphate, together with some carbonate and fluoride. Egg
shells and the shells of mollusca, on the other hand, chiefly

contain calcium carbonate. Calcium also occurs in the sun,

in meteorites, and in certain of the fixed stars.

Preparation of Metallic Calcium. Calcium was first prepared

by Davy by the electrolysis of calcium chloride in the presence of

mercury, the calcium remaining as a metallic powder upon heating
the amalgam thus obtained. It was first obtained in a coherent

metallic mass by Matthiessen x in 1856. A mixture in the pro-

portion of two molecules of calcium chloride to one molecule

of strontium chloride, with a small quantity of sal-ammoniac,

which mixture is more fusible than calcium chloride alone, is

melted in a small porcelain crucible in which a carbon positive

pole is placed, while a .thin harpsichord wire wound round a

thicker wire, and dipping only just below the surface of the

melted salt, forms the negative pole. The metal calcium is then

reduced in beads, which hang on to the fine wire, and may be

obtained by withdrawing the negative pole every two or three

1 Journ. Chcm. Soc. viii. 28.



CALCIUM MONOXIDE Oil LIME. 183

minutes, together with the small quantity of crust which is

attached to it. Calcium may also be obtained by the modifica-

tion of the above piocess described under strontium. Frei ob-

tained it, by the electrolysis of the chloride, in globules weighing
from 2'4 to 4 grams. Another process for obtaining the metal is

by fusing a mixture of one part of sodium with seven parts of

fused iodide of calcium in a closed iron crucible. The tem-

perature is first raised to a dull red-heat, and afterwards to a

bright red-heat. 1 Another process is to fuse three parts of

calcium chloride with four parts of zinc and one part of sodium.

In this way an alloy of zin'c and calcium is produced, which is

then heated in a crucible made of gas carbon until the zinc

volatilizes when the fused calcium is found in the form of a

button (Caron).
2

Calcium is a yellow metal, which gives a yellow streak on

touch-stone. It is harder than lead, is tenacious and malleable,

and has a specific gravity of T5778 (Bunsen and Matthiessen).

According to Frei it has the colour of aluminium, and is very
brittle.

3 It may be preserved in perfectly dry air for many
days without undergoing oxidation

;
in moist air it is readily

oxidized. When heated to redness in the air, it burns with a

very bright yellow light, and when thrown into water it decom-

poses the water with violent evolution of hydrogen.

CALCIUM AND OXYGEN.

114 Calcium Monoxide or Lime, CaO, is formed in the pure

state by the ignition of the pure carbonate, as Iceland-, or calc-

spar, or white marble, in a crucible which has a hole at the

bottom in order that the furnace gases may pass through it and

carry off the carbon dioxide; otherwise the decomposition is

not complete, a:; calcium carbonate undergoes no change in

composition, in an atmosphere of carbon dioxide gas, even

when heated to whiteness.

On the larue scale lime is burnt in kilns, the interiors of

which are usually egg-shaped. The limestone is mixed up

with coal or other combustible matter, one bushel of coal

generally sufficing to make five or six bushels of lime. In

some cases an arch is formed over the fire-grate with lumps oi

limestone, the kiln filled up with smaller pieces, a fire kindled

1 Lies Bo.lart, and Jnjiin, Ann. Chem. Phj/s. [3] liv. 364.

* Ann. Cliem. rhnrm. cxv. 355. 3 Ann. Ckcm. Pharm. 183, 367.
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below the arch, and this kept up for thirty-six to forty-eight

hours. The kiln is then allowed to cool, the lime removed, and

a fresh charge introduced. Eecently an improved and continuous

process of lime burning has been introduced. In these kilns, of

which there are several different kinds, the charge of limestone

and coal is added from time to time at the upper part of the kiln,

and the quicklime withdrawn at the lower part. A great saving

of fuel is thus effected, and the smoke which is always given

off from the common kiln is, in the improved kiln, drawn into

a high chimney and completely burnt.

Magnesian limestones require less fuel than pure limestones.

When a limestone contains much clay, care must be taken to

prevent the heat becoming too intense, as such limestone is apt

to vitrify, and is then said to be dead burnt. Such lime, if not

heated too strongly, slakes slowly, and istermed poor lime, whereas

a pure lime which slakes readily is termed rich or fat lime.

Pure lime is a white amorphous mass, which does not fuse

even at the temperature of the oxyhydrogen flame, but it emits

an intense light when thus heated, giving rise to the lime-light.

Its specific gravity is 3 '08. Lime has recently been obtained

crystallized in cubes by heating calcium nitrate in a porcelain

flask (Briigelmann).
1 On exposure to the air it absorbs water

and carbon dioxide. In addition to its technical use as a con-

stituent of mortars and cements, quicklime is employed in the

laboratory fur drying gases and liquids, and in the analysis of

organic compounds containing chlorine, bromine, and iodine.

Calcium. Hydroxide, Ca(OH) 2
. This substance, also known as

hydrate of lime, or slaked lime, is obtained by pouring about

one-third its. weight of water on to fresh well-burnt quicklime.

So much heat is evolved in the process that tires have not unlre-

quently been traced to it. This production of heat can be very well

shown by strewing a few grains of gunpowder on to the lime whilst

it is being slaked, when the gunpowder will take lire. Slaked

lime is a white impalpable powder, having a specific gravity of

2'078 (Filhol). Calcium hydroxide is likewise obtained as a

white precipitate, when a solution of caustic potash or soda is

added to a tolerably strong solution of calcium chloride. If a

very strong or saturated solution of calcium chloride be employed
in the above experiment, the whole mass becomes solid. This

fact was observed in 1686 by Francisco Lana, and described by
him as the " chemical miracle." Calcium hydroxide dissolves moie

1
Poyg. Ann. 1877, p. 466.
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readily in cold than in hot water
;
100 parts of water at 15'6

dissolve 0-1368 parts, and at 100
C
0'0752 parts (Wittstein). The

clear solution, evaporated in a vacuum over sulphuric acid,

deposits the hydroxide either in the form of small tables or

of small prismatic crystals.

The solution of calcium hydrate, usually known as lime-

water, possesses an alkaline reaction and taste. It quickly
absorbs carbon dioxide from the air, and is used in medicine

and in the laboratory. As the ordinary slaked lime often

contains small quantities of baryta and strontia, together with

soluble salts of the alkalis, it is usual to treat the powder
several times with water, and only to employ the last solution.

Milk of Lime is calcium hydroxide suspended in water.

Calcium Dioxide, Ca0
2 ,

was discovered by Thenard, who
obtained it by precipitating lime-water with hydrogen dioxide-

In order to procure the substance in the pure state the hydrogen
dioxide must be added in excess to lime-water. The precipitate

possesses the composition Ca02 -f 8H 2O, and consists of micro-

scopic quadratic tables or prisms, which are difficultly soluble in

water and insoluble in alcohol.'- On exposure to the air the

crystals effloresce, and when heated to 130 they lose their water,

leaving behind a light powder of the anhydrous oxide. On
further heating the substance loses half its oxygen without

fusing.

SALTS OF CALCIUM.

115 Calcium Chloride, CaCl
?

. Isaac Hollendus in the fourteenth

century describes, under the name of sal-ammoniacnm fixum,
a substance which he obtained by heating together sal-ammoniac

and lime. Homberg in 1693 noticed that this salt, when fused,

becomes phosphorescent, and hence it was long known as Horn-

berg's phosphorus. Calcium chloride is found in solution in

sea-water, and in many mineral springs. It likewise occurs

as a constituent of a few minerals, such as tachhydrite, CaCl2

+ MgCl 2 + 12H
20, and apatite 3Ca

3(P04) 2 + CaCl
2

.

In order to prepare pure chloride of calcium, chalk or white

marble is dissolved in hydrochloric acid until the latter is nearly

saturated. Chlorine water is then added, in order to oxidize any
iron or manganese compounds which may be present. These

impurities are next precipitated by the addition of milk of lime,

1 Ann. Chim. Phys. viii. 313.
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and the precipitate is filtered off. The slightly alkaline solutiorj is

then acidified with hydrochloric acid, and the solution evaporated
either to the point of crystallization or to dryness. Chloride of

calcium is obtained on the large scale as a bye-product in several

manufacturing processes, as in that of chlorate of potash, in the

ammonia-soda process, &c.

The hydrated salt crystallizes from a saturated solution in

large hexagonal; prisms, which have the composition CaCl

+ 6H2
0. These melt at 290, and deliquesce rapidly in the

air, forming a thick liquid, to which the name of oleum calcis

was formerly given. The crystals dissolve in water, pro-

ducing a considerable diminution of temperature; and if 1^

parts of the crystallized salt be mixed with 1 part of snow
the temperature sinks to 48. Heated to 200 this hydrate
loses four molecules of water, and a white porous hygroscopic
mass remains behind, which is largely used as a means of dry-

ing gases and organic liquids. If this hydrate is heated more

strongly, the anhydrous salt is obtained. This latter melts at a red-

heat, and solidifies on cooling to a crystalline mass, which has a

specific gravity of 2'205, and is also used as a desiccating agent.

It dissolves in water with evolution of heat. 100 parts of

water dissolve the following quantities (Kremers) :

At 10 40" 60

Cad, 63-35 12048 138-89.

A solution of 50 parts of the anhydrous salt in 100 parts of

water boils at 112, one containing 200 per cent, boils at 158,

and one containing 325 per cent, boils at 180. Such solutions

are employed as baths for constant temperatures above 100.

Calcium chloride absorbs dry ammonia, giving rise to a volu-

minous powder having the composition CaCl
2 + SISTHg, which on

exposure to the air, on solution in water, or on heating, loses

ammonia, and which takes fire when thrown into chlorine gas.

If chloride of calcium solution is boiled with slaked lime

and the solution filtered hot, a basic salt separates out on cool-

ing in long white needle-shaped crystals, having the composition

ClCa-OCa(OH)+ 7H2
0.

Calcium Bromide, CaBr.,, and Calcium Iodide, CaI2,
are salts

very similar in their properties to calcium chloride.

Calcium Fluoride, CaF2 , occurs as a mineral known as fluor

epar, which has from early times been used in the fluxing of
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ores, whence its name is derived. Agricola says :

" Fluores

lapides gemmarum similes sed minus duri, qui ignis calore

liquescunt;" and then further: " Dum metalla excoquuntur,
adhibere solent, reddunt enirn inateriam in igne nou paulo
fluidiorem."

Fluor-spar occurs largely in Derbyshire in veins, especially in

the celebrated limestone caves in the Castleton valley. It is there

commonly known as Blue John, and one of these large caverns is

termed the Blue John cave. It is also found in Saxcny and in

many other countries. It crystallizes in cubes and octahedrons,

and in combinations of these two forms, or in other forms belong-

ing to the regular system. In the pure condition it is colourless
;

in general, however, it has a blue, violet, red, green, yellow
or brown colour. Those samples which have a bright colour are

worked up into vases, dishes, cups, &c. Calcium fluoride also

occurs in small quantity in the ashes of certain plants, in bones,

FIG 39. FIG. 40

in the enamel of the teeth, in. sea-water and in the water

of certain mineral springs. It is very nearly insoluble in water

and dilute acids.

.When precipitated calcium fluoride, obtained by mixing a

solution of calcium chloride with one of a soluble metallic

fluoride, is heated with water slightly acidified with hydro-

chloric acid, the precipitate is found to consist of microscopic

octohedrons.

The property which fluor-spar possesses of becoming luminous

when heated, giving rise to the term fluorescence, was first

mentioned by Elsholz in 1077, and further described by Leibnitz

in 1710.

Calcium Chlorate, Ca(C103)2. This substance is formed when

chlorine is led into hot milk of lime. It is prepared in the pure

state by precipitating potassium chlorate with calcium silico-

fltforide. It is very deliquescent, and crystallizes with difficulty.
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Chloride of Lime or Bleaching Powder. This well-known body
was originally considered to be a compound of chlorine and lime.

Balard, in 1834, was the first to give an explanation of the con-

stitution of this compound, and his explanation has from that

time been generally adopted. According to this view bleaching

powder is
'

a mixture of calcium hypochlorite and calcium

chloride, Ca(OCl) 2 + CaCl
2

. Another view of the constitution

of bleaching powder has been taken by Odling. He looks upon

this substance as a kind of double salt, Ca
-j ^p, being at the

same time a chloride and a hypochlorite.

Chloride of lime is obtained by the action of chlorine gas

upon dry slaked lime. When chlorine is passed into milk of

lime, a reaction which is analogous to the formation of Eau de

Javelle (Vol. I. p. 264) takes place :

2Ca(OH) 2 + 2C12
= CaCl

2 + C.i(OCl) 2 + 2H 20.

If, however, dry slaked lime be employed, a large proportion
of the lime remains unaltered. This fact was formerly explained

by the supposition that the calcium chloride produced, forms a

coating round the particles cf lime which prevents the further

action of the chlorine. But even if the mixture be from time

to time well rubbed down in a mortar, and then again treated

with chlorine, it is not possible to obtain a material containing
more than 40 per cent, of available chlorine. Hence this sub-

stance would appear to be a mixture of basic salt with chloride

of calcium, according to the formula :

3Ca(OH) 2 4 2C1
2
= 2Ca

j |*
+ CaCl

2 + 2H20.

If water be added to this product the soluble chloride dissolves

and the basic hypochlorite decomposes as follows :

l

( OH , ( OC1,Ca
oCl.

Bleaching powder is obtained on a very large scale in the

alkali works as a means of employing the residual hydrochloric
acid. For the purpose of evolving the chlorine required for the

manufacture large stills are employed, shown in Figs. 41 and 42.

These are made of Yorkshire flag soaked in tar, the joints being
rendered tight by india-rubber rope on which the stone rests, as

1
Stahlsehmidt, Dinyl. Poli/t. Journ. ccxx. 243.
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shown in Fig. 41. The material now usually employed for the

generation of chlorine from hydrochloric acid, is the manganese
dioxide, obtained by precipitation in what is known as Weldon's

process. (A) is the tap for admitting the hydrochloric acid
;

(B) is the inlet to admit the finely divided precipitated man-

ganese mud ; (c) the lute and pipe to carry off the chlorine
; (D) a

pipe made of ebonite through which steam is led for the purpose
of heating the mixture. Fig. 42 shows the plan of the same

chlorine-still.

The chlorine gas passes from the still into large chambers of

which Fig. 43 shows the elevation and end-section, and Fig. 44

the corresponding plan. These chambers are sometimes made of

lead, sometimes of Yorkshire flag, and sometimes of iron plate

covered with asphalt varnish. They are generally sixty feet

long, eighteen feet wide, and seven feet in height. Dry slaked

lime is tilled into the chamber in such quantity that a layer of

from four to five inches covers the bottom. The whole is ridged
with a rake made for the purpose, the apex of each ridge

being from five to six inches, and the bottom of the valley from

two-and-a-half to three inches above the floor. The chlorine

is delivered through the pipe and lute (E). Considerable distance

is generally allowed between the chlorine-still and' the chamber

in order to permit of the condensation of moisture and the

cooling of the gas. (F) is the exit pipe connected with a fresh

lime chamber for the absorption of the surplus chlorine, (o) is

an exhaust pipe for drawing off the last remaining quantities of

the unabsorbed chlorine when the operation is complete. The
exterior view, Fig. 43, shows the doors and bolts and the gallows
for the swinging of the doors. The section shows the lime lying
on the bottom of the chambers, whilst the arrangement of

the pipes and lutes is seen in Fig. 44. In these chambers the

absorption of chlorine occupies about six days. After the lime

has been placed upon the floor of the chamber, chlorine is

turned on until the chamber is full, as seen by windows placed
at each end, the air and any surplus chlorine escaping from tbe

chamber and passing by the circulating pipes into the next or

some other chamber where there is more fresh lime. The air

which is displaced from this, escapes either into the atmosphere

directly or into a third chamber. When the first chamber has

been filled with chlorine it is allowed to stand for about two days,

during which time the gas is completely or nearly completely

absorbed, and the lime is then found to contain from 25 to 30 per
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cent, of available chlorine. Any unabsorbed gas is then drawn off

by means of the exit pipe (G), the doors are opened, and workmen
enter and turn the lime. After turning, the doors are closed,

and more chlorine is admitted, the quantity being left to the

judgment of the man in charge. Usually, however, enough is sent

in to raise the amount of chlorine after absorption for a second

period of two days to from 36 to 37 per cent. The unabsovbed

chlorine is then drawn off as before, and the powder packed and

sent to market. Occasionally a third treatment is necessary,
but this rarely occurs except in hot weather, when the absorp-
tion of the chlorine takes place more slowly than usual.

In the old process of manufacture where native manganese was

always employed, from 90 to 100 parts of the ore, containing 60

per cent, of the dioxide, yielded 100 parts of bleaching powder
of 35 per cent of available chlorine. By Weldon's process

nearly all the manganese dioxide can be regained from the

residual chloride of manganese, and is employed again for the

evolution of chlorine. A certain loss, however, takes place, and

from 5 to 8 per cent, of native manganese ore containing 60 per

cent, of MnO., has to be added together with the regenerated man-

ganese dioxide in order to produce 100 parts of bleaching powder
of 85 per cent, strength. The quantity of hydrochloric acid

employed for the production of one ton of bleaching powder
varies in different works according to the care with which tho

process is carried on. The usual practice is to make one ton

of bleaching powder from the acid evolved by the decomposi-

tion of three-and-a-half tons of salt. Some manufacturers, how-

ever, use considerably less than this, and Mr. Weldon believes

that the acid obtained from two tons of salt is sufficient for the

purpose. In practice it is found that 11 cwt. of caustic limo

are required to form one ton of bleaching powder. In the

preliminary slaking and dressing of the lime probably 1 cwt.

is lost. The lime ready for use contains about 25 per cent,

of water and 1-2 per cent, of carbon dioxide, so that 20 cwt. of

bleaching powder would be made up as follows :

Lime 9'5 cwu.

Water: 25 per cent, on the 100 } o.2
)of hydrated lime

Chlorine : 35 per cent, on the )

finished B. P. say . . . . JT

20'0 B r.
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Decimip 5

FIG. 45.

4 sMctcr .

FIG. 46.
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An improved form of bleaching powder chamber has been in-

vented by the late Mr. Deacon for the manufacture of bleaching

powder according to his patented process. The principles of

this process have already been referred to in Vol. L, p. 114,

chlorine being obtained directly from the gaseous hydrochloric
acid of the salt-cake furnace without the employment of oxide of

manganese. In this process considerable quantities of nitrogen

pass into the chamber together with the chlorine, so that it is

necessary that a graduated system of absorption should be carried

out; the lime which is nearly saturated with chlorine, being

exposed to the strongest gas whilst the last traces of chlorine

are extracted by layers of lime comparatively fresh. These

chambers are shown in elevation and section in Figs. 45 arid 46.

Chlorine gas mixed with nitrogen passes in through the tube (A),

being drawn over the lime by means of exhausters. Each

chamber or block is divided by vertical walls into 14 squares ;

each section contains 19 shelves 20 feet long by 4 feet wide, and

the lime is spread on these to the depth of about five-eighths of

an inch. Part of the elevation shows the doors, which form the

sides of the chamber, in position ;
the other part shows the

arrangement of the shelves seen when the doors are down. The

end section shows the mode in which the shelves are arranged, and

the way in which the chlorine is divided into streams during its

passage through the lime. When the lime in one chamber has

come up to strength, small plates on each shelf are removed

from the top, and the bleaching powder simply falls into a barrel

placed on a train-car beneath, and in this way the product is

easily packed.
Commercial bleaching powder contains from 20 to 35 per cent,

of available chlorine. It forms a homogeneous white powder,

possesses a faint smell of hypochlorous acid, and gradually

becomes moist on exposure to the air. When well mixed with

water it forms a creamy liquid. On exposure to the air it gradu-

ally decomposes with absorption of water and carbon dioxide.

When preserved in closed vessels it undergoes decomposition
under circumstances which are at present undetermined ;

and

this decomposition is occasionally so sudden, and the rise of

temperature so great, that explosions sometimes occur. When
heated it is decomposed into calcium chloride and calcium

chlorate, and the latter compound evolves oxygen on a further

application of heat. When a concentrated aqueous solution

of chloride of lime is allosved to evaporate over sulphuric acid
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in a vacuum crystals of calcium hyporhlovite are obtained,

having the composition Ca(OCl) 2 + 4H20, but, owing to the

ease with which it undergoes decomposition, this salt is very
difficult to obtain in the pure state.1

Bleaching powder as well as the solution obtained by the

action of chlorine on milk of lime is largely employed in the

bleaching of cotton goods and of paper pulp.

The operations of bleaching cotton cloth are as follows :

1. Boiling or "
bucking

"
the cloth with milk of lime

;
14 Ibs.

of cloth requiring about 1 Ib. of lime, water being added to

this in sufficient quantity to cover the cloth. In this process
the resinous matters in the fibre are converted into lime soaps.

2. Washing to remove lime and soluble sal.tr>.

3. Souring in dilute hydrochloric or sulphuric acid of specific

gravity 1'0075 to decompose lime-soaps.

4. Washing to remove acid.

5. Bucking the cloth in dilute caustic soda-lye (170 Ibs. of

soda-ash and 80 Ibs. of resin-soap to 3,500 Ibs. of cloth) to remove

fatty matters and dirt.

6. Washing and subsequent immersion in a clear dilute solu-

tion, of bleaching powder of specific gravity 1'0025. This is

called
"
chemicking."

7. Souring in very dilute hydrochloric or sulphuric acid

of specific gravity 1'0075, then washing and drying.
The decomposition which takes place when acid is brought

into contact with bleaching powder is thus represented :

(1). CaCl 2 + Ca(OCl) 2 -f 4 HC1 = 2 OaCl 2 + 2 H
2 + 2 C1

2
.

(2.) CaCl
2 -f Ca(OCl) 2 + 2 H

2S04
= 2 CaS0

4 + 2 H
2 + 2 C1

2
.

The theory of bleaching has already been explained, (see Vol.

I. page 266).

116 C'hlorimetry. As chloride of lime is largely used in

manufacturing, it becomes important to be able to determine

the amount of available chlorine which it contains, that is, the

amount of chlorine which is evolved when hydrochloric or

sulphuric acid is added to it. For the purposes of the manu-

facturer, it is especially important to possess a method by means

of which this available chlorine can be quickly and accurately

determined. Of the many methods which have been proposed
1
Kingzett, Journ. Chcm. Sec. xxviii. J04.
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\ve shall mention here only those which have been success-

fully introduced into practice.

Gay-Lussac,
1 in 1835, suggested a method which is still often

employed in works. This depends upon the fact that chlorine

in the presence of water oxidizes arssnious acid to arsenic acid :

H
3As03 + C1

2 + H2
= H3As04 + 2 HC1.

The solution of bleaching powder is added to a given volume of

the arsenious acid solution until a solution of indigo is. bleached

by the free chlorine. By this process a small quantity of chlo-

rine is often lost, and Penot 2 has introduced an improvement
into the process. He employs an alkaline solution of arsenic tri-

oxide obtained by dissolving 6'98 grams of As
2
O3 and 30 grams

of crystallized carbonate of soda in 200 cbc. of water and then

diluting this to one liter. In practice, ten grams of bleaching

powder are weighed out. To this a small quantity of water is

added in a mortar, and the whole is washed by degrees into

a liter flask which is then filled up with water to one liter.

This liquid is well mixed, and 50 cbc. of the turbid liquid

brought into a beaker glass ;
the arsenite solution is then

added from a burette, until one drop of the liquid does not

any longer turn blue a paper steeped in iodide of potassium
and starch. During the addition of the arsenite solution

a drop of the liquid must be brought from time to time on to the

iodized starch paper, and when the blue colour begins to be only-

faintly seen, the arsenite solution must be added very gradu-

ally. In this way the exact point of complete oxidation can

be readily reached. One cbc. of the arsenite solution corre-

sponds to O'OOo gram of chlorine, so that the number of cbc.

employed gives at once the percentage of available chlorine

which the bleaching powder contains.

Another useful method for the valuation of bleaching powder,

which is often employed, is that suggested by Graham and

worked out by Otto. It depends upon the following reaction :

2 FeS0
4 + H2

S04 + C1
2
= Fe

2 (SOJ3 + 2 HC1.

For this purpose 0'784 gram of pure crystallized proto-

sulphate of iron (ferrous sulphate) is dissolved in water, a little

sulphuric acid added and the bleaching powder solution dropped

in from a burette until all the ferrous salt is converted into

ferric salt. The completion of the reaction is ascertained by
* Ann. Chim. Phys. [2] Ix. 225. 2 Journ. Prac. CKem. lix. 59.
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bringing a drop of the solution together with a drop of potas-

sium ferricyanide on a white plate, until no further blue colora-

tion is observed. The calculation here is very simple, as the

above quantity of ferrous sulphate, FeS0
4 + 7H20, corresponds

to 01 gram of chlorine.

Wagner's
1 modification of Bunsen's iodometric method (Vol.!.

p. 31 2), depends upon the fact that iodine and sodium thio-

sulphate decompose one another as follows :

2 Na
2
S
2 3 + T

2
= 2 Nal + Na2

S
4
O

6.

For this purpose a standard solution of the thiosulphate is

prepared and then added from a burette to the bleaching powder

solution, to which a solution of potassium iodide has previously

been added. The reaction is complete when the brown colour

of the iodine disappears.

Calcium Sulphite, CaS03 ,
is objtained by mixing a solution of

a calcium salt with that of a normal sulphite. It forms a white

powder which dissolves in 800 parts of water. It is easily

soluble in sulphurous acid, and if this solution be allowed to

stand exposed to the air, six-sided needles separate out which

have the composition CaS0
3 4- 2 H

2
0. A solution of this salt

in aqueous sulphurous acid is met with in commerce, under the

name of bisulphite of lime. It is obtained by passing sulphur
dioxide into milk of lime, and is used by brewers to give beer

stability.

117 Calcium Sulphate, CaS0
4 , occurs in nature in the anhy-

drous state in the mineral anhydrite which is often found in lime-

stone rocks, or together with deposits of common salt. More

generally, however, the substance occurs as gypsurn, CaS04 +
2 H20, found frequently in large monoclinic crystals and known
as selenite. The crystalline form of selenite is shown in Figs.

47 to 49. The crystals are frequently twins, and then exhibit

the peculiar form shown in Fig. 50.

It also occurs as fibrous gypsum or satin-spar, and as

crystalline gypsum or alabaster. This substance was known
from early times as a mineral closely resembling calc-spar,

because like the last it becomes brittle on burning. In 1746

Pott described these two substances as being different earths,

and stated that some chemists assumed that the substance

artificially produced by the union of sulphuric acid with lime

1
Dlntjl. rol'jt. Journ. cliv. 146.
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was gypsum, and termed it gypsum artcfactum ; in 1750 Marg-

graf showed that these two substances were identical.

Gypsum has a specific gravity of 2'31. When heated to

110 120 it loses the whole of its water and thus is converted

into 'burnt gypsum or plaster of Paris. This substance combines

with water, evolves heat, and subsequently solidifies. Upon
this property depends the technical use of gypsum. When
gypsum is heated above 200 it becomes dead-burnt, that is, it

can only take up water slowly and does not harden. After it

has been heated to 500 it also combines with water very slowly,

the combination going on for several weeks, but the product is

a hard mass, which is translucent like alabaster and is more

dense than ordinary gypsum. If it is then heated to 150 it

passes into the condition of ordinary burnt gypsum.
1

One thousand parts of water dissolve at 2 -

05, at 35 2'54,

and above 100 less than two parts of the salt. Its point of

FIG. 47. FIG. 48. FIG. 49. FIG. 50.

maximum solubility therefore lies about 35 (Poggiale). In

the presence of ammoniacal salts and common salt gypsum is

more readily soluble. According to Anton, 1,000 parts of a

saturated solution of common salt dissolve 8-2 parts of gypsum.

Gypsum is tolerably soluble in boiling hydrochloric acid and

nitric acid, and separates out from the acid solution on cool-

ing in glittering silky needles. When heated with sulphuric
acid to 100 it is changed into a porous mass, of which a part dis-

solves and separates out again on cooling. This consists of

microscopic prisms, which have the composition CaSO4 4- H2
S0

4
:

it is decomposed by water into its two constituents. Gypsum
dissolves very readily in a solution of sodium thiosulphate.

1
Schott, Dingl. Polyt. Journ. ccii. C2 & 055.
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Gypsum is largely used as a manure, as a cement, for orna-

mental plaster-work, and for making plaster casts. The

artificial salt prepared by precipitating a calcium chloride solu-

tion with dilute sulphuric acid, is now known under the name

of ptarl hardening or annaline, and is used largely by paper
makers as a filling for writing paper.

Calcium Potassium Sulphate, CaS0
4
-- K

2SO4 -f
H

2
This

compound is formed when the solutions of the two salts are

mixed together (H. Eose). "When an intimate mixture of equal

weights of the anhydrous salts is stirred up with less than

their weight of water, the mass becomes so suddenly solid

that it cannot be poured out of the vessel. If four to five parts

of water are employed, the solidification takes place somewhat

more slowly but still more rapidly than in the case of gypsum
alone. Casts made of this mixture possess a polished surface

and are in this respect superior to those made of gypsum.
Calcium Sodium Sulphate, CaS04 + Na9S04 , occurs in nature

as the mineral glauberite. Sodium sulphate does not act upon

plaster of Paris as potassium sulphate does. If, however, a

mixture of one part of precipitated calcium sulphate and fifty

parts of Glauber's salt be heated to 80 with twenty-five parts

of water, a mass of needle-shaped crystals is obtained, which

have the formula CaS0
4 + 2 Na

2
SO

4 + 2 H
2O, and these when

further heated are transformed into small crystals of glauberite

(Fritzsche).

Calcium Thiosulphate, CaS^Oj -f- 6 H
2O, is prepared by heating

calcium sulphate with sulphur and water. It forms oblique six-

sided prisms, soluble in their own weight of cold water. "When

the solution is heated to 60 the salt is decomposed with evolu-

tion of sulphur. This salt is used in the production of

antimony cinnabar, Sb
2
OS

2
.

118 Calcium Kitrate, Ca(N03) 2 . The alchemist Baldewein or

Balduinus first prepared this compound whilst searching for a

method of absorbing the "
Spiritus mundi." He dissolved chalk

in nitric acid, and observing that the solid product became rapidly

moist on exposure to air, concluded that this substance would

prove to be of great power. In the year 1674 he noticed that

the solid residue after being heated and then exposed to sunshine

appeared luminous in the dark, and from this time the compound
prepared as above was termed Baldwin's phosphorus. Calcium
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nitrate is very soluble in alcohol as well as in water, and is a

deliquescent salt. The anhydrous salt is a white porous mass,

sometimes used in place of calcium chloride for drying organic

liquids. It is often found as an efflorescence on the walls of

stables and other places through which urine and other organic

liquids percolate. The name lime-saltpetre, or wall-saltpetre, has

been given to this salt, which was formerly universally employed
for the artificial preparation of nitre.

Phosphates of Calcium. Normal Calcium Orthophosphate or

Bone-phosphate, Ca3(P04) 2
. This compound ocours together with

calcium fluoride in apatite, 3Ca
3(P04)2 + CaF

2
or Ca

3(P04)2 +
Ca^PO^F ;

in which a portion of the Huorine is sometimes re-

placed by chlorine. Phosphorite and estramadurite are massive

varieties of apatite which occur in Estramadura, in Spain.

Coprolites, which, are found in many sedimentary deposits, and

doubtless have an animal origin, consist mainly of calcium

orthophosphate. Another pure form of the same compound is

the mineral osteolite, and it also occurs as sombrerite, a

mineral found on some of the small islands of the Antilles,

especially Sombrero, and containing crystals of the mineral

ornithite Ca
3(P04 ) 2 -j- 2H 2

O. Calcium phosphate is also the

chief inorganic constituent of bones, forming about 80 per cent,

of burnt bones
;
the other constituents being magnesium phos-

phate, calcium carbonate, and calcium fluoride.

Pure calcium phosphate is obtained as a white precipitate by

adding an excess of common phosphate of soda to an ammoniacal

solution of chloride of calcium. It is nearly insoluble in water

but is decomposed on long boiling into an insoluble basic salt,

Ca
3(PO4) 2 + Ca 2(P04)OH, and'a soluble acid salt which. dissolves.

This decomposition takes place slowly in the cold, and for this

reason an exact determination of the solubility of {he ortho-

phosphate is imposssible.
1 Calcium orthophosphate dissolves

readily in water ^containing ammoniacal salts, sodium nitrate,

common salt, and other salts. It is also readily soluble in

all acids, even in aqueous carbonic acid. This explains the

absorption of calcium phosphate by the roots of plants, which

accumulate it in the seeds and fruit.

Mono-hydrogen Calcium Orthophosphate, HCaP04
. When a

solution of calcium chloride is mixed with one of ordinary

phosphate of soda, a white crystalline precipitate of the above

1 R. Warrington, Journ. Chcm. Soc. [2] xi. 983.
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compound containing two molecules of water of crystallization

is thrown down. This compound occurs in urinary concretions,

and is sometimes deposited from urine in microscopic crystals

grouped in rosettes or stellse, and known as stellar phosphate.

Tetra-hydrogen Calcium Phosphate, H
4Ca(P04)2. This salt is

obtained in rhombic tables by dissolving either of the foregoing

salts in the requisite quantity of phosphoric acid and allowing the .

solution to evaporate spontaneously. If this be treated with cold

water the hydrated mono-hydrogen phosphate HCuP04 + 2H
2O

is formed, whilst with boiling water the same anhydrous salt is

produced (Erlenmeyer).

SuperpJwsphate of Lime. A mixture of the last-mentioned

compound and sulphate of lime is manufactured on the large

scale, and known in commerce as superphosphate of lime. It

is usually prepared by acting on bone-ash, coprolites, phospho-

rites, or other form of mineral phosphate by two-thirds of its

weight of sulphuric acid. This mixture is used for the prepara-

tion of phosphorus (Vol. I. 460), and is also largely employed
as a manure, especially for root crops.

Calcium Hypophosphite, Ca(P02
H

2)2 , is used in medicine and

is prepared by boiling phosphorus with milk of lime. On

evaporating the clear solution, the salt crystallizes in bright,

flexible, four-sided prisms, which are insoluble in alcohol.

Calcium Silicates. These compounds exist in almost all

mineral silicates. Certain of the latter consist mainly, if not

altogether, of silicates of calcium (and isomorphous metals).

Amongst these the more important are wollastonite CaSi0
3j

okenite H 2CaSi.2 6+H2O, xonaltite 4CaSi03 + H20, gurolite

9

-

+ H 20, and apophyllite 4H 2
CaSi2 6 + KF + 4H

2
0.

119 Calcium Carbonate, CaC03
. This compound occurs widely

distributed and in enormous masses in nature forming whole

mountain ranges, being found as limestone of various kinds,

marble, calc-spar, and chalk. It also forms the greater part of

egg-shells, shells of mollusca, coral, and is contained together
with phosphate of lime in burnt bones. Calcium carbonate

is dimorphous : it exists in the first place as calc-spar, its

specific gravity varying from 2'70 to 275, and it crystallizes in

hexagonal and chiefly hemihedral forms. Some of the more

important of these are seen in Figs. 51 to 59, a common twin-

crystal being shown in Fig. 60. The primary form, Fig. 51,

is a rhonibohedron having angles of 1045' and 745'. The
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second form of calcium carbonate is known as arragonite, having
a specific gravity of from as 2'92 to 3'28, and crystallizing in the

form of rhombic prisms, Fig. 61. Another crystalline form often

exhibited by arragonite is that of the penetration twins, shown
in Fig. 62. A distinction between the two minerals was first

drawn by Werner in 1788, and Haliy showed somewhat later

that they crystallized in two distinctly different forms. For

many years this difference was believed to be due to the pre-
sence of stroritia in arragonite, and it was not until 1819, when
Mitscheriich discovered the kw of dimorphism, that it was

satisfactorily explained.

FIG. 51.

FIG. 53.

FIG. 52.

FIG. 54. FIG. 55. FIG. 56. FIG. 57.

When a calcium salt is precipitated by the carbonate of an

alkali-metal, or when carbon dioxide is passed through lime-

water, the precipitate which falls down is at first flocculent and

amorphous. That formed by passing a small quantity of carbon

dioxide through cold lime-water soon becomes crystalline, the

crystals being those of calc-spar, whilst arragonitic crystals are

deposited when the lime-water is hot (G. Rose). Calc-spar

crystals are deposited when a solution of calcium carbonate in
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carbonic acid is allowed to evaporate spontaneously at the

common temperature ;
but if the solution be heated to 90 arra-

gonitic crystals separate out.

Calcium carbonate is not insoluble in water, 1 liter of either

cold or boiling water dissolving about 18 milligrams. In presence

. 62.

FIG. 61.

of free ammonia or carbonate of ammonia it is still less soluble.

On the other hand, it readily dissolves in water containing car-

bonic acid in solution, and this fact was first noticed by Cavendish
in 1767. One liter of water saturated with carbon dioxide
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dissolves at 070 gram of calcium carbonate, and at 10, 0'88

gram. The solubility increases under an increase of pressure up
to 3 grams per liter, but not beyond this point (Caro). If such

a solution be allowed to stand at the ordinary temperature,
six-sided prisms, having the composition CaC03 -f 5H20, sepa-
rate out. These crystals, which lose their water at 19, are

sometimes found in the pipes of pumps and also adhering to

confervas in ponds. When a solution of calcium carbonate in

carbonic acid water is boiled, the liquid still contains in solution

34 milligrams of calcium carbonate per liter, and this solution

does not render lime-water turbid.1

MORTARS AND CEMENTa

120 Ordinary mortar is a mixture of one part of lime made
into a paste with water, and three or four parts of sharp sand.

The completeness of the subsequent haidening of mortar de-

pends upon the proper intermixture of the ingredients. Mortar,

although it sets in a few days sufficiently to give stability to a

structure, takes many years or even centuries to reach' its maxi-

mum degree of hardness. It is difficult to explain the setting

and subsequent slow hardening of mortar. The first process of

setting appears simply to be due to the loss of water. At-

mospheric carbon dioxide is then absorbed, and the calcium

carbonate thus formed cements the sand and building material

together. A slow combination was formerly supposed to occur

between the lime and the silica of the sand. It has recently,

however, been shown that this is not the case, the hardening of

the mortar appearing to depend on the change of caustic lime

into carbonate.2

Hydraulic Mortars. When limestone contains more than 10

per cent, of silica, the lime prepared from it yields a mortar

which possesses the property of hardening under water, and is

termed hydraulic mortar or Roman cement. Such lime can be

prepared by mixing ordinary lime with a due proportion of clay,

and carefully igniting the mixture. The original Eoman cement

was made by mixing lime with a volcanic tufa found at Puzzuoli,

near Naples. The action of water upon the mixture of lime and

clay was formerly supposed to cause the formation, of a liydrated

* Hofmann, Jahrcsbcricht, 1865.
1

Spiller, Ckcm. Kcws, xviii. 112.
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silicate of lime and alumina, which being hard and insoluble in

water, gives its peculiar property to the hydraulic mortar. This

explanation, however, appears to be incorrect, for Schott has

proved that Portland cement hardens better when moistened with

a solution of ammonium carbonate than with pure water, point-

ing to the formation of calcium carbonate as the cause of the

hardening.
1 If the clay present amounts to from 10 to 12 per cent,

the mortar takes some weeks to harden, whereas if from 25 to 35

per cent, of clay be present, as in Eoman cement, the mortar

hardens in a few hours. Eoman cement is largely prepared from,

the nodules of septaria, which are foui d in the valley of the

Thames. Portland Cement is a hydraulic mortar, now very

largely manufactured from chalk and the clay found in the

valley of the Medway. The chalk and clay are thoroughly

ground together with water and the finely divided mixture

termed "slip," dried and carefully burnt in kilns. The following

analyses of English (I and 2) and German (3 and 4) Portland

cements give the composition of this substance :

CALCIUM AND SULPHUR

121 Calcium Monosnlphide, CaS, is obtained by heating the

sulphate with powdered coal or by leading a mixture of carbon

dioxide and the vapour of carbon disulphide over incandescent

lime (Scheme). It forms a white mass insoluble in water, which
in moist air smells of sulphuretted hydrogen. Calcium mono-

sulphide is luminous in the dark after it has been exposed to

light. This fact was noticed in the year 1750 by Marggraf, who
obtained the sulphide by calcining gypsum with combustible

1
Dingl. Polyt. Journ. ceil. 434.
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matter. In 1768, Canton described a method of producing the

same effect by igniting calcined oyster-shells with sulphur ;

hence this substance was long known under the name of Canton's

phosphorus.
Calcium Disulphide, CaS

2 , is soluble in water, and is obtained

in yellow crystals which contain 3 molecules of water when milk

of lime is boiled with an excess of sulphur and the filtered

solution allowed to cooL

122 Calcium Phosphide. When metallic calcium is heated

under rock oil with phosphorus the two

bodies combine. Calcium phosphide can

also be obtained mixed with calcium

pyrophosphate as a red, brown, or almost

black mass, by passing the vapours of

phosphorus over incandescent lime. The

arrangement employed for this purpose is

shown in Fig. 63. The crucible is filled

with lime, and the phosphorus contained

in the glass-flask is vaporized and passes

through an opening at the bottom of the

crucible on to the lime. This substance

is employed for the preparation of liquid

hydrogen phosphide as already described (Vol. I. p. 479).

DETECTION AND ESTIMATION OF CALCIUM.

123 That certain calcium compounds impart a red colour to

the flame of a spirit-lamp was first observed by Ribbentrop in

1796. The spectrum of a non-luminous gas flame tinted by
calcium salt exhibits a large number of lines of which the

green line Ca y9 is the most intense and characteristic. A second

scarcely less characteristic line is the intensely orange line

Ca a. The other green and orange lines as well as a line in

the blue are much less intense. By means of the spectroscope

so small a quantity as inwirs ii'grm. of calcium chloride, or

similar salt, may be detected. In order to detect calcium in

compounds which do not volatilize in the flame, but which

are decompose! by hydrochloric acid, it is only necessary to

place a sn.all quantity of the powdered mineral on the loop

of a fine platinum wire, which loop has been previously

dipped into dilute hydrochloric acid. The wire is then at once

brought into the hottest part of the flame, where the drop
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assumes the spheroidal state and gradually evaporates without

boiling. At the moment when the last portion of the liquid

evaporates, the flame becomes intensely coloured for a short time,

and a bright calcium spectrum flashes out, lasting a longer or

shorter time according to the amount of calcium present in the

compound. Silicates of calcium which are not attacked by

hydrochloric acid must be decomposed with a small quantity
of ammonium fluoride, the mixture then heated to redness and

the residue decomposed by dilute sulphuric acid and treated

ns above. The delicacy of the spectrum reaction for calcium

is illustrated by the following experiments :

(1) A drop of sea-water is volatilized on a platinum wire.

This at first exhibits simply the bright sodium reaction, but,

after the common salt has been volatilized, a weak calcium

spectrum is seen, and this flashes out brightly if the wire be

moistened with hydrochloric acid.

(2) If a drop of almost any mineral water such as that of

Durkheim or Baden-Baden be brought on the wire the lines

Nao. Li a Caa and Ca/3 are seen.

(3) If the ash of a cigar be moistened with a drop of hydro-
chloric acid and then held in the flame, the following lines are

distinctly seen Na, a, K a, Li a, Ca a and Ca /3.

(4) A fragment of the difficultly fusible potash glass, such as

a piece of combustion tube wheu brought into the flame alone,

shows Naa and Ka
;

if treated with ammonium fluoride and

sulphuric acid, the lines Ca a and Ca ft together with faint Li a are

likewise seen.

Calcium may be separated from the alkali-metals by the

addition of a solution of ammonium carbonate, calcium car-

bonate being precipitated. As has been stated, this latter salt

is not altogether insoluble in water, and it is, therefore, pre-

ferable to precipitate the lime as calcium oxalate by the addition

of ammonium oxalate in neutral or ammoniacal solution, this

salt being completely insoluble in water. This reaction is

usually employed for the determination of calcium
;
the washed

and dried precipitate which has the composition Ca.,C9 4 4-

2H
2

is either gently ignited, by which means it is converted

into the carbonate
;
or it is strongly ignited, when the carbonate

is converted into caustic lime. Calcium is also occasionally

determined as the sulphate. The precipitation by sulphuric
acid must, however, be made in presence of alcohol, and the

precipitate must also be washed with the same liquid.
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The atomic weight of calcium was first accurately deter-

mined by Erdmanu and Marchand,
1
by the ignition of calc-

spar and of precipitated calcium carbonate. From their

experiments it appears that when O = 1596 and C = 1T97 the

atomic weight of calcium is 39'88, 39'90, 39 93, or as a mean
of the three numbers 39'9. Baup

2 obtained the number 39'87
as the result of the analysis of organic lime salts.

STRONTIUM, Sr = 87-2.

124 The name of the element is derived from that of Strontian,

a village in Argyllshire, in which a peculiar mineral, strontium

carbonate or strontianite, was first found. At first this mineral

was mistaken for barium carbonate, but in the year 1790 Craw-

ford suggested that it contained a peculiar earth, founding his

opinion upon experiments which had been made on the mineral

by Cruikshank. This was confirmed in 1792 by Hope,
3 and

independently by Klaproth,
4 a year afterwards. Sir Humphrey

Davy in 1808 first obtained the metal strontium.

Strontium occurs chiefly as the sulphate or celestine SrS0
4

and as the carbonate or strontianite SrC03 . Many specimens
of arragonite and of calc-spar contain small quantities of stron-

tium carbonate
;
and the same may be said of many kinds of

limestone, marble and chalk, although the strontium is gene-

rally present only in very small traces. Baryto-celestine is a

mineral which contains the sulphates of barium and strontium,

and the latter compound occurs also in small quantities in

different varieties of heavy spar. Strontium occurs as a silicate

in brewsterite, H4(BaSr)Al2
Si

6 18 + 3 H,,O. Small quantities

of the chloride and sulphate of strontium occur in solution

in many brine-springs as well as in different mineral waters.

It is also present in chalk waters, such as that of the London

basin. Strontium has also been found in sea-water and in the

ashes of Fucus vesiculosus.

Preparation of Metallic Strontium. Davy obtained the metal

strontium by the electrolysis of either the moistened hydroxide

or of chloride of strontium. It can be more readily prepared

1 Ann. Chem. Pharm. lii. 210 ; Ixxvi. 219.
2 Ann. Chcm. Phann. lii. 212.
3 Account of a mineral from Strontian, Trans. Roy. Soc. Edinb. iv. 3.

4 Crell. Ann. 1793. ii. 189 and 1794. i. 99.
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according to the method employed by Bunsen and Matthiessen.1

A small porcelain crucible having a porous cell in the middle

is filled with anhydrous chloride of strontium, mixed with a

little sal-ammoniac, the level of the salt within the cell

being considerably higher than in the crucible. The negative

pole which is placed within the porous cell consists of a very
thin iron wire, wound round a thicker one, and then covered

with a piece of tobacco-pipe stem so that only TVth of an inch

of it appears below
;
the positive pole is an iron cylinder placed

in the crucible round the porous cell. The heat is regulated

during the experiment so that a crust may form in the cell.

The metal then collects under this crust without coming in

contact with the oxygen of th" air. By this method pieces of

the metal weighing half a gram are sometimes obtained.

Metallic strontium can also be obtained, according to B. Franz/

by repeatedly heating a saturated solution of chloride of strontium

with an amalgam of 250 grams of sodium and one kilogram of

mercury to a temperature of 90. The strontium amalgam thin

obtained is quickly washed with water, and dried between folds

of filter paper. It is then heated in a current of hydrogen in an

iron crucible, by which means all the mercury is volatilized and

a regulus of strontium remains behind.

Strontium is a yellow metal somewhat harder than calcium

and lead. It may be hammered out into thin plates, and possesses

a specific gravity of 2"5. It melts at a moderate red-heut, and

is more electro-negative than calcium and the alkali-metals. It

oxidizes quickly on exposure to the air, burns brilliantly when

heated, and decomposes water violently.

STRONTIUM AND OXYGEN.

125 Strontium Monoxide or Caustic Strontia, SrO. This sub-

stance is obtained in the form of a greyish white porous infusible

mass by the ignition of the nitrate. When brought into contact

with a small quantity of water the monoxide unites with it to

form a white powder of strontium hydroxide, Sr(OH) 2
. This body

possesses a specific gravity of 3-025, and when strongly heated

is reconverted into strontia. The hydrate is easily soluble in

hot water, and the solution, on cooling, deposits transparent

1
Quart. Journ. Chem. Soc. viii. 107.

8
Joif-n. pmkt. Chcm. cvii. 253.
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quadratic crystals of the hydrate Sr(OH) 2
+ 8H

2
: 100 parts of

cold water dissolve 2'0 and of boiling water 41f>6 parts of the

crystals. Strontia water has a strongly alkaline reaction and

possesses caustic properties less marked than the solutions of

the alkalis.

Strontium Dioxide, Sr0
2 , is obtained in the form of a crystal-

line hydrate, Si0.2+8H 20, by mixing a solution of the hydrate
with hydrogen dioxide, when pearly scales of the hydrated
dioxide are deposited. These lose water on heating, leaving the

anhydrous dioxide as a light white powder which does not melt
at a red-heat but gradually loses oxygen (Schone).

SALTS OF STRONTIUM.

126 Strontium Chloride, SrCl2,
is obtained by dissolving stron-

tianite in hydrochloric acid. The hot concentrated solution de-

posits, on cooling, long hexagonal needles, SrCl
2 + 6H

2O, which

are isomorphous with the corresponding hydrate of calcium

chloride. They possess a sharp bitter taste, have a specific

gravity of 1'603, and effloresce on exposure to the air. On heat-

ing, these crystals yield the anhydrous salt as a white powder,
which melts at a high temperature to a white semi-transparent

glassy mass having a specific gravity of 2^6. According to

Mulder 100 parts of water dissolve:

At 20 40 601 80 100 1188

Sr01
2

44-2 53-9 667 831 924 101-9 116-4.

Chloride of strontium dissolves in aqueous alcohol propor-

tionally to the percentage of water which the alcohol contains.

The commercial salt frequently contains calcium chloride, from

which it may be purified by repeated crystallization from hot

water.

Strontium Sulphate, SrS0
4 ,

is found in large well-developed
rhombic crystals and as a fibrous amorphous mass. It generally

possesses a light blue colour, whence it takes its name celestine

(ccelestis). When sulphuric acid or a soluble sulphate is added to

a solution of a strontium salt, the sulphate is thrown down as a

white precipitate possessing a specific gravity of 3707 and fusing

when strongly heated. It is but very slightly soluble in cold,

and still less soluble in boiling water. One liter of water at the
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ordinary temperature dissolves 0145, and at the boiling-point

0104 gram (Fresenius). Strontium sulphate is much more

easily soluble in acids and in solution of common salt, as well as

in other salt solutions, but less soluble in sulphates or dilute

sulphuric acid. When boiled with a solution of the carbonate of

an alkali, sulphate of strontium is completely decomposed.
When the salt is dissolved in hot concentrated sulphuric acid,

crystals of celestine separate out on cooling, and when it is

treated witli concentrated sulphuric acid at 100, and the solution

digested with an excess of salt at a somewhat higher tempera-

ture, the compound H2
S0

4 -I- SrS04 separates out as a granular

crystalline powder, which when exposed to moist air changes
into small glittering tables having the composition H S0

4 +
SrS0

4 + H2
0.

Strontium Nitrate, Sr(N03) 2
. is obtained by dissolving the

carbonate in warm dilute nitric acid. When the solution is

evaporated down, the anhydrous salt separates out in transparent
octahedrons or in combinations of the octohedron and the cube.

Strontium nitrate possesses a cooling taste. At 0'39 it lias a

specific gravity of 2-962 (Schroder), and when thrown on to red-

hot charcoal it deflagrates, burning with a red flame. When a

dilute solution is cooled down, the hydrate Sr(NO3) 9 + 4H.,0

separates out in large well-developed monoclinic crystals which

quickly effloresce on exposure to the air. One hundred parts of

water dissolve, according to Mulder :

At 10 20 40" 60 80 100 107Q '9

Sr(N08) 2 4016 7O8 91-3 94-6 97'2 1011 102-9

Strontium nitrate is insoluble in concentrated nitric acid and

only very slightly soluble in absolute alcohol. Strontium nitrate

is largely used for pyrotechnic purposes.
Strontium Carbonate, SrC0

3,
occurs as strontianite in crystals

which are isomorphous with those of arragonite. This compound
is obtained in the form of a white impalpable powder having a

specific gravity of 3'62, if a strontium salt be precipitated by
an alkaline carbonate. When gently ignited it loses all its carbon

dioxide and is converted into strontia. According to Fresenius

1 liter of water dissolves 554 mgrnis. of this salt. It is less

soluble in water containing ammonia, but dissolves consider-

ably in a solution of sal-ammoniac and of ammonium nitrate.

When boiled with sal-ammoniac it is converted into strontium

chloride.
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DETECTION AND ESTIMATION OF STRONTIUM.

127 Strontium salts colour the flame a magnificent crimson.

The strontium spectrum consists of numerous bright lines of

which 8 are specially characteristic, 6 in the red, 1 in the orange,
and 1 in the blue. The orange line, termed Sr a, the red, Sr /3, and

Sry, and the blue line, Sr8, are the most intense, and therefore

the most valuable for the discrimination of this element. By
means of spectrum analysis TTnr

6
tTnn5

- mgrm. of strontium chloride

can be detected. H. Fox Talbot l was the first to describe the

spectrum of strontium. He examined the spectrum of the red

fire of theatres and distinguished many of the strontium lines

especially the blue line, Sr & In February 1834, Talbot writes,
" the strontia flame exhibits a great number of red rays well

separated from eacli other by dark intervals; not to mention an

orange, and a very definite bright blue ray. The lithia exhibits

one single red ray." In order to detect strontium the bead

either alone or moistened with hydrochloric acid is brought
into the flame. If strontium is supposed to be present as sul-

phate the bead is held for a few moments in the reducing

portion of the flame and then moistened with hydrochloric acid

in order to convert the strontium sulphide, which is formed into

strontium chloride. The strontium salts containing non-volatile

acids are melted on a platinum wire with a small quantity of

sodium carbonate. The fused bead is then reduced to a fine

powder and dissolved in a little hot water, and the residue which

contains carbonate of strontia moistened with hydrochloric acid,

and the chloride brought on a wire into the non-luminous flame.

Strontium is separated from the alkali-metals by precipitation

with ammonium carbonate. If calcium be present at the same

time the strontium may be detected by adding a solution of

gypsum to the hydrochloric acid solution of the carbonate. If

strontium be present the solution will become turbid after

standing for a short time. Strontium is usually determined

quantitatively as the sulphate by precipitating the solution with

sulphuric acid in the presence of alcohol and washing the pre-

cipitate with a weaker alcohol. In order to separate it from

calcium the substances are converted into nitrates and these

treated with absolute alcohol which leaves the nitrate of strontium

undissolved.

1 Brewster's Joum. of Science, v. (1826).

64
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The atomic weight of strontium was determined by Marigmc,
who found that 100 parts of the pure crystallized chloride,

SrCl
2 + 6 H

20, required 80'998 parts of silver for complete pre-

cipitation, and that the same quantity yielded 68'855 parts of

strontium sulphate.
1

BARIUM, Ba = 1368.

128 Our knowledge of the barium compounds commences with

that of the natural sulphate or heavy-spar. This substance

was first examined in the year 1602, by a Bolognese shoe-

maker, V. Casciorolus, who noticed that it possessed the remark-

able property of becoming phosphorescent when ignited with

combustible matter. To this material the discoverer gave the

name of lapis solis, but it became better known as Bolognian or

Bononian phosphorus, from the place in which it was first

prepared, whence specimens of the shoe -maker's handiwork

found their way into the laboratories of the alchemists of the

time. The mineral which yielded this phosphorus, termed

Bolognian spar, was first believed to be a peculiar kind of

gypsum, and hence it was termed gi/psum spathosum. In

consequence of its high specific gravity, Cronstedt termed

it marmor metallicum, and Marggraf in 1750, finding that it

contained sulphuric acid, ranked it amongst what were then

termed the heavy fluor-spars. The nature of this mineral

remained for some time obscure, and the learned mineralogist

v. Justi writes in 1760 concerning it as follows :

" Our analysis

has here reached its limits
;
we know of no smelting operation

by which anything can be got out of this spar. Many profound
chemists and skilful assayers have here tried their art in vain."

The next step in our knowledge of this subject was made
in the year 1774, when Scheele, engaged in his investigation on

the black oxide of manganese, examined a specimen of this

mineral which he found to contain a new earth, and this when

brought in contact with sulphuric acid yielded a salt insoluble

in water, which could be brought into a soluble condition by

ignition with carbon and an alkali. Gahn afterwards showed

that this earth is contained in heavy-spar, and Bergmann gave
it the name terra ponderosa. Guyton de Morveau in 1779

proposed the name barote (from /Bapvs, heavy), and this name,
1 Ann. Chem. Pkarin. cvi. 165,
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slightly altered to baryta by Lavoisier, was soon generally

adopted. The suggestion that this earth is the oxide of a metal

was frequently made, but the fact was not proved until after

Davy's discovery of the decomposition of the alkalis.

Barium occurs in nature chiefly as the sulphate or heavy-spar,
BaS0

4, which is often found together with galena and other

metallic ores, though also found not associated with metallic

veins. Another source of barium compounds, less widely dis-

tributed, is the carbonate or vitherite, BaC0 3, whilst other

minerals containing barium are barytocelestite, (BaSrCa)S04,

barytocalcite, BaC03 + CaCOa , alstonite, (BaCa)SO4 , psilomelane

(MuBa)O 4- MnCX Many other ores of manganese, especially

manganese dioxido, contain small quantities of barium. Barium

also occurs as an essential constituent of certain silicates
; thus,

for instance, brewsterite, H4(SrBa)Al2
Si

6 18 + 3H
20, harmctome,

H
a(K 2Ba)Al2

Si
5 15 + 4H

2
and hyalophane or baryta-felspar,

K 2Ba,2Al 2Si8 24. Many other felspathic rocks also contain

traces of barium, and this element occurs likewise in several

other minerals. Traces are found in mineral waters and in

sea-water. Thus, for instance, the old sulphur well at Harrogate
contains 6'6 grains of barium chloride per gallon (Hayton

Davis).
1 From sea-water, barium finds its way into sea-plarits,

and in smaller quantities into the shells and skeletons of sea-

animals. .

Preparation of Metallic Barium. Davy's first attempts to

obtain metallic barium were not very successful. He endeavoured

first to obtain it by the electrolysis of baryta. Afterwards find-

ing that this did not succeed he prepared it from an amalgam,

having heard from Berzelius that he and Pontin had succeeded

in obtaining it in tliat way. Davy repeated these experiments
and electrolysed baryta, barium chloride, and other barium salts

in presence of mcrciny, heating the amalgam which was thus

formed in a tube containing rock oil, when the barium was left

behind as a silver-white powder. According to Bunsen's process
-

the metal may be obtained by electrolysing a thick mixture of

very dilute hydrochloric acid and barium chloride at a tempera-

ture of 100 in presence of mercury. In this way a crystalline

barium amalgam may be obtained, which, on heating, leaves

metallic barium behind in the form of a tarnished porous mass,

the cavities of which sometimes exhibit a silver-white surface.

The experiment is however more successful when a galvanic

1
Thorpe, Phil. Mag. [5], ii. 52.

3
Fogg. Ann. xci. 619.
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current is passed through barium chloride in a state of fusion,

the negative pole consisting of a fine harpsichord wire on which

the barium is deposited in the form of small globules. It

oxidizes very quickly, and burns brilliantly when heated in the

air.
1

The melting-point of barium appears to be higher than that

of cast-iron (Frey).

BARIUM AND OXYGEN.

129 Barium Monoxide or Baryta, BaO, is formed when the metal

burns in the air, but is usually obtained by heating the nitrate in

an iron crucible, until no further evolution of red fumes is

observed. The mass fuses and is apt to froth over unless care is

taken. Mohr has proposed to mix the nitrate with its own

weight of sulphate of barium
;

this prevents the frothing, and

for many purposes the presence of insoluble bariurh sulphate
does not matter. If only a small quantity of baryta is required
it is best obtained by igniting the iodate which gives off

its iodine and live-sixths of its oxygen without fusing or

frothing :

Ba(I03) 2
= BaO + I

2 + 5
.

Baryta forms a greyish-white porous mass which has a specific

gravity of 4'73 (Carston) and melts at a white heat. When
moistened with water it slakes with evolution of so much heat,

that if it is only sprinkled with water it becomes incandescent.

Barium Hydroxide, Ba(OH) 2 is formed as a white powder by
the reaction just described. The hydroxide melts at a low red

heat, forming an oily liquid, which on cooling solidifies to a

crystalline mass, and this does not give off water even when
more strongly heated. It has a specific gravity of 4 '495 (Filhol),

and when brought in contact with water forms a crystalline

hydrate, Ba(OH) 2 + 8H
20. This hydrate is soluble, and on

cooling a saturated solution it separates out in quadratic prisms
which are isomorphous with strontium hydrate. On exposure
to air these crystals fall to a white powder with loss of seven

molecules of water. One hundred parts of water dissolve :

At 20 40 60 80

BaO 1-5 3-5 74 18 -8 908 parts.

1
Matthiessen, Ann. Chcm. Pharm. xciii. 277.
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A solution of the hydroxide is termed baryta-water, and is

largely used in the processes of chemical analysis. It has a

more strongly alkaline reaction than lime-water, and rapidly
absorbs carbon dioxide. It is employed, as has been stated

in Vol. I., p. 451, for the determination of the carbonic acid

contained in the atmosphere. It must for this purpose be free

from alkali, In order to ascertain this, a given volume must
be exactly precipitated with a standard oxalic acid solution.

To an equal volume a little pure precipitated barium carbonate

is then added, and the liquid treated again with the standard

oxalic acid. In the absence of an alkali the same volume of the

standard solution will in both cases be required for complete

neutralization; but if an alkali be present more oxalic acid will

be required in the second case, inasmuch as an alkaline oxalate

is then first formed, and this in contact with the carbonate

yields an alkaline carbonate and barium oxalate, the decomposi-
tion going" on until all the barium carbonate is converted into

oxalate. <.-

Caustic baryta is prepared on the large scale from barium

sulphide. This is heated in earthenware retorts, into which a

current of moist carbonic acid is passed. Superheated steam is

then passed over the carbonate, when the following decomposi-
tion takes place .

BaC03 + H
2

= Ba(OH)2 + C0
2

.

Caustic baryta is now employed in the processes of sugar-

refining, instead of lime, as baryta forms an insoluble compound,
C

12
H

23
OnBaO, with cane sugar, whilst lime forms a soluble com-

pound with sugar but precipitates the acids and nitrogenous
substances from the juice. The barium-sugar compound is easily

decomposed by suspending it in water and subjecting it to the

action of carbonic acid gas, when the sugar dissolves, and

insoluble barium carbonate is precipitated.

Barium Dioxide, Ba02
. AVheri heated to redness in a current V\

^ \

\i>-*

of dry oxygen, pure baryta absorbs the gas with rapidity,
*-~ a

forming the dioxide (Gay-Lussac and Thenard). The hydroxide
when heated to redness in a current of air also yields the

dioxide (Boussingault). The product thus obtained is a greyish

porous mass somewhat more fusible than baryta, which' when

lu-ated to a bright-red heat fuses with loss of one atom of

oxygen. It combines with water to form the hydrate Ba0
2 +

8H
aO. In order to prepare this substance in the pure state
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from the crude peroxide which usually contains silica, lime, and

iron oxide from the iron vessels in which it is prepared, it is

treated as follows. The finely powdered substance is thrown

little by little into dilute hydrochloric acid until this is nearly
neutralized. The solution on cooling is filtered, and baryta
water is gradually added to this, until the silica and the metallic

oxides which it contains are thrown down, and a small quantity
of the hydrate is likewise precipitated. The liquid is then

filtered and concentrated baryta-water is added to the fil-

trate so long as a crystalline precipitate is formed. This is

then filtered off and washed with cold water. 1 The hydrated
dioxide can be kept in the moist state in closed vessels without

undergoing decomposition, and it is employed for the preparation
of hydrogen dioxide.

"When dried at 130, barium dioxide is obtained as a white

impalpable powder scarcely to be distinguished from magnesia.
The pure compound is also easily obtained by heating a mixture

of caustic baryta and potassium chlorate in a crucible to low

redness (Liebig and Wohler). The mass is then dissolved in

water and treated as .above described (Brodie). In order to 1

obtain barium dioxide on the large scale, Tessie de Motay and

Marechal have proposed to heat a mixture of barium carbonate

and carbon in a reverberatory furnace when baryta and carbon

dioxide are formed :

BaC03 4- C = BaO + 2 CO.

Oxygen is then allowed to pass at a high temperature over the

baryta, the carbon burning away and barium dioxide being

formed. Atmospheric air cannot be used instead of oxygen, as the

nitrogen combines to form barium cyanide.

SALTS OF BARIUM.

130 Barium Chloride, BaCl 2 ,
is most readily obtained by dis-

solving witherite in dilute hydrochloric acid. As, however, this

mineral contains calcium, lead, iron, and manganese compounds,
an excess of barium carbonate is added to the solution and the

liquid allowed to remain in contact with it for some time. In

this way the oxides of the above metals are precipitated and the

rapidity of the precipitation can be increased by the addition

1
Thoinseu, Bcr. Deutsch Chem. Ges. rii. 73.
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of a small quantity of baryta-water. The clear solution is then

neutralized with hydrochloric acid and evaporated to the point of

crystallization. 0;i the large scale the salt is easily prepared from

heavy-spar. For this purpose 100 parts of the finely powdered
mineral are mixed with from 35 to 50 parts of carbon, from 1 5 to

25 parts of limestone and from 40 to 60 parts of calcium chloride.

This mixture is heated in a reverberatory furnace and the mass
lixiviated with water when insoluble calcium sulphide remains

behind and the barium dissolves as chloride. Chloride of

barium can also be prepared by means of the manganese chloride

which remains as a by-product in the manufacture of chlorine.

For this purpose the chlorine residues are neutralized with

chalk, evaporated down and heated to redness on a cast-

iron plate with a mixture of heavy-spar and silica. The mass

which contains barium chloride, manganese sulphide and a

small quantity of sulphide of iron, is lixiviated with warm
water. Should the solution contain any sulphide of barium,

which may be seen by the yellow colour of the solution, a small

quantity of manganese chloride may
be added, and vice versd should any
of the latter salt remain in excess it

is only necessary to add a sufficient

quantity of barium sulphide.

Barium chloride crystallizes from FIG. 64.

solution with two molecules of

water, BaCl2 + 2H
2
O. This forms colourless rhombic tables

(Fig. b'4), which do not undergo any alteration in the air and

have a specific gravity of #'05. 100 parts of water dissolve :

At 10 20 30 40 50 60' 70 80' 90 100 104

BaCl 2
33-3 357 38-2 408 4*6 46'4 494 52-4 55-6 58'8 60-3

Barium chloride is less soluble in dilute hydrochloric acid than

it is in water. It is almost insoluble in the concentrated acid
;

it

is also but slightly soluble in strong nitric acid and for this

reason these acids precipitate concentrated solutions of a barium

salt. Absolute as well as strong alcohol does not dissolve barium

chloride but dilute alcohol dissolves a small quantity, and this

increases in proportion to the amount of water present.

Crystallized barium chloride loses its water at a temperature
of 113 forming a white powder which melts at a red-heat and on

cooling solidifies to a translucent mass. On exposure to the air

the chloride in a state of fusion parts with a small quantity of
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chlorine, baryta being formed. Hence the fused salt usually
has an alkaline reaction. When heated in a current of steam

it emits hydrochloric acid at a temperature below its fusing

point. Barium chloride has an unpleasant bitter taste and

acts as a powerful poison. The chief use of barium chloride

is for the preparation of the artificial sulphate or permanent
ivhite. It has also been successfully employed for the prevention
of incrustation in steam boilers when permanently hard waters

are used. All the gypsum contained in solution is decomposed

by barium chloride, whilst any calcium carbonate present in

solution may be subsequently precipitated by milk of lime. The
water thus softened forms no incrustation.

Barium Chlorate, Ba(C103) 2 ,
is obtained by saturating aqueous

chloric acid with carbonate of barium. The salt is easily soluble

in water and crystallizes in monoclinic prisms. It is also

slightly soluble in alcohol and the alcoholic solution burns

with a characteristic green flame. If a drop of sulphuric
acid is brought on to a mixture of the salt and powdered sugar
the mixture takes fire and burns with a bright green flame. If

barium chlorate in a state of fusion and very strongly heated

be plunged into an atmosphere of coal-gas combustion also

takes place, the oxygen of the chlorate being in this case the

burning body and the carbon and hydrogen of the coal-gas the

supporters of combustion.

Barium lodate, Ba(I03 ) 2
. This salt is employed for the

preparation of iodic acid. It is obtained as a white granular

precipitate by adding potassium iodate to barium chloride (Vol.

I. p. 281). The barium iodate dissolves in 3,000 parts of cold

and 600 parts of boiling water. It dissolves in hot nitric acid

from which solution it crystallizes, on cooling, in bright glittering

monoclinic prisms which are isomorphous with the chlorate. It

dissolves in hydrochloric acid with evolution of chlorine.

131 Barium Sulphate, Ba?04 , is by far the commonest and

most widely distributed of the barium compounds, and occurs

as heavy-spar, ovhich crystallizes in the rhombic system, Figs.

65 to 67.

If anhydrous baryta be brought into contact with

fuming sulphuric acid, or even with sulphuric acid which

contains a small quantity of water, combination takes place

with such force that the mass becomes incandescent. On the

other hand, pure sulphuric acid which has the exact composition
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H2
S04

does not act upon baryta. But if the mixture be

touched in one place with a hot iron or with a moistened

glass-rod, combination begins and is at once propagated through-
out the mass (Kuhlman). Sulphuric acid and its salts pre-

cipitate the sulphate from a solution of a soluble barium salt

in the form of a crystalline powder. The pure mineral heavy-

spar has a specific gravity of 4486 (H. Hose), the precipitated

salt at 4 having a specific gravity of 4 53 (Schroder). This salt

is almost perfectly insoluble in water as one part requires

400,000 parts of water to dissolve it. It is somewhat more

soluble in dilute acids. If a salt of barium be heated with con-

centrated sulphuric acid, the sulphate dissolves to a certain

extent and separates out on cooling in crystals having the

composition H 2
S04 + BaS04.

If this acid solution be exposed

FIG. 65. FIG. 66. FIG. 67.

to moist air bright silky needles are formed having the com-

position H2
S04 + BaS04+2 H2

O.

Finely ground colourless heavy-spar mixed with more or less

white lead is largely used as a paint. Artificial barium sulphate

is also manufactured on a large scale and is known as permanent
white- or blancjixe. This preparation is largely used as a pigment
and is much to be preferred for this purpose to the finely

ground mineral
;
inasmuch as the latter, with' its crystalline

structure, is transparent and has but little
"
body

"
or covering

power. In order to prevent the formation of finely divided

crystals a solution of barium chloride having a specific

gravity of 119 is precipitated in the cold with dilute sulphuric

acid having a specific gravity of T245. The precipitate is washed

with cold water and sent to market in the moist state. In
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addition to its value as a paint, blanc fixe is largely used for

giving weight to cards and paper.

Barium Disulp/iatv, BaS
2 7

. If powdered barium sulphate

be intimately mixed with fuming sulphuric acid it dissolves,

forming a syrup which on heating to 150 deposits the disulphate

in glistening granular crystals which do not melt on heating

and decompose at a dull red-heat.

Barium Dithionate, BaS
2 6+2H2

0. This salt is prepared by

decomposing the corresponding manganese salt with barium

sulphide. On allowing the solution to evaporate in a warm

place glittering rhombic crystals of the salt are deposited. It

dissolves at 18 in 4'04, and at 100 in I'l parts of water. On

heating it is converteb without change of form into barium

sulphate

Barium Nitrate, Ba(N03) 2
. This salt is prepared on the large

scale either by decomposing the carbonate or sulphide by dilute

nitric acid, or by mixing hot saturated solutions of sodium

nitrate and barium chloride. In cooling, the larger portion of

the nitrate of barium crystallizes out, and the remaining portion

is obtained by evaporating the mother liquors. Barium nitrate

crystallizes in cubo-octahedrons, and in other more complicated
forms of the regular system (Lewis). Its specific gravity is

3 '2
;

it possesses an acrid taste and melts at a temperature
of 597 (Carnelley). 100 parts of water dissolve at

10 20' 30 40 50

Ba(N03) 2
5-2 7'0 9-2 H'6 14-2 171
60 70 80 90 100 102

Ba(N03) 2 20-3 23'6 27'0 30'6 32'2 34'8

The salt is insoluble in concentrated nitric acid and in absolute

alcohol and dissolves only sparingly in these liquids diluted with

water. Barium nitrate is largely used for pyrotechnic purposes,

especially for the preparation of green fire, and for the manu-
facture of an explosive powder known as saxifragin, which
consists of a mixture of 76 parts of nitrate of barium, 22 parts
of carbon, and 2 parts of nitre.

Silicates of Barium. It lias been already stated that many of

these salts occur as crystalline minerals. Barium silicate is also

a constituent of baiyta-glas, a flint-glass in which the lead has

been replaced by barium. This will be described under Glass

Manufacture.
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Barium Silica-fluoride, BaSiF
6

. This compound is precipitated
in the form of small hard crystals, when hydrofluosilicic acid

is added to a solution of a barium salt; it dissolves in 3,800

parts of water and is somewhat more soluble in hydrochloric
acid and hot water, but is nearly insoluble in alcohol.

Barium Carbonate, BaC03. Barium carbonate occurs in

nature as witherite. This mineral was discovered at Leadhills

in Scotland by Withering in the year 1783. It crystallizes in

rhombic prisms and pyramids, is isomorphous with arragonite,

and is chiefly found in England, one of its most celebrated

localities being Fallowfield in Northumberland. It also occurs

in Silesia, Hungary, Styria, Russia, Chili, and other places.

Alstonite (BaCa)C03
is isomorphous with witherite, and contains

the two metals in varying proportions. Baryto-calcite, on the

other hand, has the formula3 BaC0
3 + CaC03,

and crystallize?,

in the monoclinic system.
1

Artificial barium carbonate is a dense white powder ob-

tained when a solution of chloride of barium is poured into

an excess of a hot solution of ammonium carbonate. One part

of the salt dissolves in 14,000 parts of water at the ordinary

temperature and in 15,400 parts of boiling water (Fresemus).

The salt thus artificially prepared is used in chemical analysis,

and powdered witherite is employed for the preparation of the

other barium salts and as a rat-bane.

BARIUM AND SULPHUR.

132 Barium Monosulphide, BaS, is obtained when sulphuretted

hydrogen is passed over heated baryta as long as water is formed.

On the large scale it is prepared by roasting 20 parts of slack

with 100 parts of heavy-spar. In order to assist the evolution

of the carbon dioxide sawdust may be added to the mixture.

Another proposal is to heat the heavy-spar with the asphalt

of tar-works, the hydrogen which is contained in this material

preventing the formation of polysulphides of barium (Lenoir).

Pure barium sulphide is a white powder which decomposes in

contact with water into barium hydroxide and barium hydro-

sulphide :

2 BaS + 2H
2

= Ba(SH) 2 + BafOH) 2

1
Grotli, Uebersicht der Mineralicn.
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When a solution of 5 parts of the sulphide is boiled with.

1 part of sulphur and the solution is allowed to evaporate in a

vacuum, colourless transparent six-sided tables of BaS + 6H2O
are deposited. When these crystals are treated with a small

quantity of water, barium hydrosulphide dissolves and barium

hydroxide remains behind.

Barium Hydrosulphide, Ba(SH) 2 ,
is obtained in the pure state

by saturating baryta water, or a solution of barium sulphide

with sulphuretted hydrogen. It crystallizes in transparent

colourless prisms and is insoluble in alcohol.

Barium Trisulpliide, BaS
3 , is formed when 2 parts of barium

sulphide are fused together with 1 part of sulphur, the excess of

sulphur being distilled off at a temperature below 360. It is a

greenish-yellow mass which yields a yellow powder. At 400 it

melts, with loss of sulphur, forming a dark black liquid. On

boiling it for some time with water it dissolves, forming a red

liquid which on cooling deposits hydrated crystals of barium

inonosulphide and barium tetrasulphide.

Barium Tetrasulphide, BaS4 -f H 20. When an aqueous solu-

tion of 7 parts of barium sulphide is boiled for some time

with 4 parts of sulphur, pale red rhombic prisms are deposited
which appear yellow by transmitted light and become of a lighter

tiut on standing. It is easily soluble in water, yielding a deep
red-coloured liquid, from which it is precipitated in the form of

an orange yellow crystalline powder on the addition of alcohol.

Barium Peninsulphide, BaS
5 . When an aqueous solution of

the monosulphide is boiled with sulphur, a bitter alkaline

caustic yellow solution is obtained arid on evaporation this yields

crystals of barium tetrasulphide and sulphur :

BaS
5
= BaS4 -f S.

Bononian Phosphorus. The Bononian phosphorus which has

been already mentioned is best prepared by heating 5 parts of

precipitated barium sulphate together with 1 part of powdered
charcoal over an ordinary gas flame for 30 minutes, and then

igniting it more strongly over a gas blowpipe for ten minutes.

Whilst hot the mass must be filled into glass tubes and the tubes

sealed. After exposure to sunlight or to the light of burning

magnesium wire this mass phosphoresces in the dark with a

bright orange-coloured light. Strontium sulphate treated in the

same way yields a mass which emits a faint yellowish green

light. If, however, the sulphide of strontium be ignited in a
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current of hydrogen gas a body is obtained which phosphoresces
with a green, blue, violet, or red light. If on the other hand

the carbonate of strontium be ignited with sulphur a mass is

obtained which gives a blue or emerald green fluorescence.

In this respect calcium salts do uot act so satisfactorily as those

of barium and strontium.1
According to Thomson 2 an addition

of 2 per cent, of manganese dioxide to calcium sulphide changes
the phosphorescence from green to orange. Tubes containing
these various phosphorescent powders can now be bought in

Paris.

DETECTION AND ESTIMATION OF BARIUM.

133 The non-luminous gas-flame is coloured a yellowish green
tint when any volatile barium compound is brought into it. The

barium compounds yield the most complicated of the spectra of the

alkalis and alkaline earths. It is, however, at once distinguished

by the green lines Ba a and Ba/3 which are by far the most dis-

tinct, appearing the first and continuing during the whole of the

reaction. Ba7 is not nearly so distinct, but is still a well-marked

and peculiar line. As the barium spectrum is more extended

than the spectra of the other metals, the reaction is not observed

with so great a degree of delicacy, but it appears from Bunsen's

experiments that about TTHTTT f a milligram of barium salt may
be detected with the greatest certainty. The chloride, bromide,

iodide, and fluoride of barium, as well as the hydrated oxide, the

sulphate, and carbonate, show the reaction best. It may be

obtained by simply heating any of these salts in the flame.

Silicates containing barium which are decomposed by hydro-

chloric acid give the reaction, if a drop of hydrochloric acid be

added to them before they are brought into the flame. Baryta-

harmotome, treated in this way, gives the lines Ca a and Ca /3,

together with the bands Ba a and Ba /3. Compounds of barium

with fixed acids, giving no reaction either when alone or after

addition of hydrochloric acid, should be fused with carbonate

of sodium as described under strontium, and the carbonate of

barium thus obtained examined. If barium and strontium

occur in small quantities together with large amounts of

calcium, the carbonates obtained by fusion are dissolved in

nitric acid and the dry salt extracted with .alcohol; the

residue contains only barium and strontium, both of which can

1
Foi3ter, Pow. Ann. cxxxiii. 94 and 228.

2
Proc. Manchester Lit. and Phil. Soc., (1877^ 86.



230 METALS OF THE ALKALINE EARTHS.

almost always be detected. When we wish, to test for small

traces of strontium or barium, the residual nitrates are con-

verted into chlorides by ignition with sal-ammoniac, and the

chloride of strontium is extracted by alcohol. Unless one or

more of the bodies to be detected is present in very small

quantities, the methods of separation just described are quite

unnecessary, as is seen from the following experiment : A
mixture of the chlorides of potassium, sodium, lithnim, calcium,

strontium, and barium, containing at the most TV of a milligram
of each of these salts, was brought into the flame, and the

spectra produced were observed. At first the bright yellow
sodium line, Na a, appeared with a background formed by a

nearly continuous pale spectrum ;
as soon as this line began to

fade, tfie exactly defined red line of lithium, Li a, was seen, and

still further removed from the sodium line the faint red

potassium line, K a, was noticed ; whilst the two barium lines,

Baa. Ba#, with their peculiar form, became visible in the

proper position. As the potassium, sodium, lithium, and

barium salts volatilized their spectra became fainter and fainter,

and their peculiar bands one after the other vanished, until,

after the lapse of a few minutes, the lines Cao, Oa/3, Sra, Sr/3,

Sr 7, and Sr 8 became gradually visible, and, like, a dissolving

view, at last attained their characteristic distinctness, colouring,

and position, and then, after some time, became pale, and

disappeared entirely. The absence of any or of several of

these bodies is at once indicated by the non-appearance of the

corresponding bright lines.

Soluble barium salts are distinguished from those of stron-

tium and calcium, inasmuch as they are at once precipitated by
a solution of calcium sulphate. For the purpose of separating
barium from the other two metals, hydrofluosilicic acid may be

employed, which precipitates barium as an insoluble silico-

fluoride. If the sulphates of the three metals are boiled with a

solution of one part of carbonate of potassium and three parts
of potassium sulphate, or if they are treated in the cold with a

concentrated solution of ammonium carbonate for twelve hours,

the carbonates of strontium and calcium are formed, and these

may be removed by washing with hydrochloric acid, whilst the

barium sulphate remains unaltered.

Barium is almost always estimated quantitatively as the

sulphate, and in some special cases as the carbonate.

The determination of the atomic weight of barium has been
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made the subject of experiment by several chemists. The

experiments of Marignac are especially accurate. 100 parts
of crystallized chloride of barium precipitated 88'4067 parts of

silver, whence the atomic weight 136'84 is obtained. From
100 parts of the same salt he obtained 9543 parts of barium

sulphate, and these numbers confirm the first result.1

METALS OF THE MAGNESIUM GROUP.

Beryllium. Zinc.

Magnesium. Cadmium.

134 These metals decompose water only at a high temperature.

They are volatile and burn with bright flame when heated in

the air. Each metal forms only one oxide and one sulphide.

With the exception of the slightly soluble magnesium oxide, the

oxides are insoluble in water. The sulphates of this group of

metals are soluble, the normal carbonates and phosphates

insoluble, in water.

BERYLLIUM, OR GLUCINUM, Be =9*03.

Vauquelin in 1798 was the first to detect the existence of

the oxide of this metal in beryl, this mineral having formerly
been regarded as a compound of silica, with lime or alumina.

The earth contained in beryl was shown by Vauquelin to

be a distinct body, differing from both lime and alumina, in-

asmuch as it forms a soluble sulphate which is incapable of

uniting with potassium sulphate to form an alum. Haiiy had

previously observed that emerald is mineralogically identical with

beryl, and on examining the former mineral Vauquelin found that

it likewise contained the new earth. He did not give any special

name to this new earth, but the editors of the Annalesde Chiinie

gave it the name of glucina from y\vKi>s sweet, because its salts

possess a peculiar sweet taste. As, however, there are other

salts which possess the same property, the name beryllia,

derived from the mineral, was given to it by the Geimaii

chemists.

1 Ann. Chcm. Pharm. cvi. 165.
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Beryllium occurs in many minerals, especially in beryl,

Be3
Al

2
Si 6 18

= 3 BeO,Al 2 3.6SiO,. Beryl crystallizes in hexa-

gonal prisms, Figs. 67, 63, and 69, which usually have a green

colour, colourless beryl being seldom met with. The transparent

green-coloured varieties of beryl are known as emerald, those

possessing a bluish-green tint being termed aquamarine. Beryl
occurs also of a blue, yellow, grey, and rose-red tint. When the

mineral is transparent it is termed precious beryl ;
when trans-

lucent or opaque it is known as common beryl. Beryllium
also occurs in phenacite, Be

2
Si0

4 ; euclase, H Be
2
Al

2
Si

2 10
=

H20,2BeO,Al2 3 ,
2Si0

2 ;
and chrysoberyl, BeCCAl2 3 ," as well

as in other minerals.

Metallic Beryllium was first obtained by \Yohler in the year

1828 by fusing the chloride with potassium. Obtained in this way

FIG. 68 Fio. 69. FIG. 70.

beryllium is a dark grey powder, which, under the burnisher,

assumes a bright metallic lustre.1 Debray,
2

however, first

obtained this metal in the coherent form by bringing together

the vapours of chloride of beryllium and sodium in a current

of hydrogen. For this purpose a glass tube is employed into

which a small boat, made of a mixture of clay and lime and

containing metallic sodium, is brought, and after it a similar

boat containing chloride of beryllium. As soon as the air has

been entirely displaced by dry hydrogen, the sodium and the

chloride of beryllium are both gently heated, and the vapour of

the chloride is thus carried over the sodium. A violent reaction

occurs, and the chloride is reduced to metal. In order to obtain

the metal in the coherent state the powder or mass of small

globules of metal thus obtained is again fused in a crucible

under chloride of sodium. The specific gravity of the metal is

1
Fogg. Ann. xiii. 577. 2 Ann. Chim. Phys. [3] xliv. 5
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21
;

it possesses a bright silver-white colour, melts at a lower

temperature than silver, and when heated before the blow-

pipe becomes covered with a film of oxide which prevents
further oxidation. In the finely powdered state, on the other

hand, it takes fire when heated in the air and burns with great

brilliancy. The powdered metal dissolves in dilute acids : the

compact form is readily soluble in dilute hydrochloric acid,

but dilute sulphuric acid dissolves it only when warm, whilst

concentrated nitric acid does not attack it in the cold, and on

heating does so only slowly. The metal does not decompose
water even at a red heat (Debray). Ammonia does not act

either upon the powder or on the compact metal, but both forms

dissolve readily in caustic potash with evolution of hydrogen,

135 Beryllium Oxide or Beryllia, BeO. Several methods may
be employed for the preparation of this earth from beryl.

The powdered mineral may either be fused with three parts
of potassium fluoride and the fused mass afterwards treated

with sulphuric acid, or it may be fused with twice its

weight of potassium carbonate and then treated with con-

centrated sulphuric acid, and the liquid heated until the

silica which separates out is rendered insoluble. The solid

is then treated with water, filtered, and the solution evaporated
until a crust is formed, after which the liquid is set aside to

crystallize. After standing the mother-liquor is poured off from

the alum which has separated out, again c oncentrated, and then

allowed to crystallize, and thus almost the whole of the alumina

can be crystallized out as alum. The filtered solution is then

poured into a warm saturated solution of ammonium carbonate

and allowed to stand for some little time. The precipitate which

contains the alumina and the ferric oxide is again treated with

carbonate of ammonia, and the warm filtrates, which are poured

together, acidified with hydrochloric acid, the beryllia being
thrown down by ammonia, washed, dried, and ignited.

1

Beryllium oxide is a white amorphous power having a specific

gravity of 3 -

08. When heated to the strongest temperature of

a wind furnace it assumes the form of microscopic prisms resem-

bling corundum (Eose). It may be easily obtained in this form

by the ignition of a mixture of beryllium sulphate and potas-

sium sulphate (Debray). Beryllia is perfectly insoluble in water,

and only dissolves in dilute acids when it has not been strongly
1
Joy, Sillimans Journ. [2] xxxvi. 83.

65
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ignited. Concentrated boiling sulphuric acid dissolves it easily,
and if it be fused with an alkali, and the cold mass treated with

water, the beryIlia goes into solution.

Beryllium Hydroxide, Be(OH) 2
. This is thrown down as a

gelatinous precipitate when a beryllium salt is precipitated with
ammonia. On drying, it forms a voluminous white powder
which is converted into the oxide by ignition. It is easily
soluble in acids, alkalis, and in ammonium carbonate.

' When
the latter solution is boiled, a basic beryllium carbonate

separates out.

SALTS OF BERYLLIUM.

136 Beryllium Chloride, Bed.,, is obtained in the form of

white needle-shaped crystals when a mixture of the oxide and

sugar-charcoal is ignited in a current of dry chlorine gas. The

specific gravity of its vapour is 272. 1 It is deliquescent, and

dissolves in water with evolution of heat. When the aqueous
solution is allowed to evaporate over sulphuric acid, colourless

crystals of the hydrated chloride, BeCl.2 + 4H O, separate out.

Beryllium chloride forms double salts with platinum chloride,
tin chloride, and mercuric chloride. Several basic chlorides have

also been described
; they are, however, not well defined.

Sulphates of Beryllium. The normal salt, BeS0
4 -f 4H2O,

crystallizes from a hot saturated solution in quadratic pyramids
which dissolve at the ordinary temperature in their own weight
of water, possess a sweet taste, and eflloresce on exposure to

the air. On heating, they melt in the water of ciystallization,

leaving the anhydrous salt, which decomposes at a red-lient, with

a residue of beryIlia. A salt containing 7 molecules of water

separates out from an acid solution of the normal salt, in large

monoclinic crystals which retain one molecule of water of

crystallization even at 150. According to Kliitzko this salt is

isomorphous with magnesium sulphate, MgS04 + THoO ; this,

however, appears, according to Marignac, to be doubtful.

Beryllium readily forms basic sulphates. These are obtained

by boiling the normal sulphate with beryllium carbonate, and

form gelatinous or gum-like masses.

Beryllium Nitrate, Be(X03\ + 3H
20, crystallizes with

difficulty. It is extremely deliquescent, and is easily soluble

in alcohol. When heated for twenty hours on the water-bath a

*
Humpidge, Proc. Roy. Soc. 38, 188.
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thick mass is obtained, which is readily soluble in water. This

consists of the basic salt, Be(OH)N03 + H2
O.

Phosphates of Beryllium. "When a solution of beryllium nitrate

is mixed with one of phosphate of soda a white amorphous

precipitate of HBeP0
4 -f- BH.,0 is formed, and this loses two

molecules of water when heated to 100. If this salt be dissolved

in the minimum quantity of phosphoric acid and alcohol then

added, a gelatinous precipitate, which is a mixture of the above

salt with the tetra-hydrogen phosphate, H4Be(P04) 2
is obtained,

the latter compound being soluble in water.

"When a solution of sodium phosphate is added to a mixture

of beryllium nitrate and sal-ammoniac a granular crystalline

precipitate of (NH4) 2
"Na

2Be(P04) 2 f 7H2
is formed.

Carbonates of Beryllium. The normal carbonate, BeC0
3 +

4H20, is obtained by passing carbon dioxide for a considerable

time through water containing the basic carbonate of beryllium
in suspension. The solution is allowed to evaporate over

sulphuric acid in an atmosphere of carbon dioxide. Crystals
are then formed which readily decompose with evolution of

carbon dioxide.

When a solution of a beryllium salt is added to an alkaline

carbonate, or when a solution of the oxide in ammonium carbon-

ate is boiled, a basic carbonate separates out as a white powder

which has the composition CO
j QBe(OH)

+ Be (OH)2 + 3H2-

DETECTION AND ESTIMATION OF BERYLLIUM.

137 The salts of this metal do not impart any tint to

the non-luminous gas-flame. The beryllium spark-spectrum
contains two characteristic bright lines in the blue, having a

wave length of 4572 and 4488 (Kirchhoff and Thalen). These

lines are, however, not seen when the chloride is volatilized in

the electric arc (Bunsen).

Beryllium may be readily separated from all other metals by
the fact that its oxide is soluble in fixed alkalis, but insoluble in

carbonate of ammonia. In the process of analysis it is precipi-

tated together with alumina, and it may be separated from this

earth by treatment with carbonate of ammonia. For quantita-

tive estimation and for separation from alumina and ferric oxide

the method proposed by Joy (described on p. 233,) may be em-

ployed. The precipitate is treated with carbonate of ammonia,
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the basic carbonate of beryllium being converted by ignition

into the oxide, which is weighed.
The atomic weight of beryllium has been determined by

Nilson and Pettersson l
by analysis of the sulphate, and found

to be 9-08 whilst Kriiss and Moraht 2 find it to be 9'03.

MAGNESIUM, Mg = 24-3.

138 Nehemiah Grew, a London physician living in the seven-

teenth century and for some time secretary of the Royal Society,

published in the year 1695 an account of a peculiar salt found

in the well-known mineral spring at Epsom under the title
"
J)e

salis cathartici ,in aquis Ebshamensibus et aliis contenti natura

et mu" The medicinal value of this salt soon afterwards

became widely celebrated, and the salt was known in England
as Epsom-salt, aud on the Continent as English- salt. The

presence of the same substance was soon afterwards detected in

other English mineral springs, and George aud Francis Moult in

the year 1700 established a large manufactory of the salt near

London, obtaining it from a spring at Shooter's Hill. In 1710

Hoy discovered that the same salt could be obtained by crystal-

lization from the mother-liquors of sea-water after addition of

green vitriol (ferrous sulphate). The same salt was subsequently
shown to exist by Fr. Hoffmann in the Sedlitz mineral water.

Another compound of magnesium having medicinal value was

also discovered at the beginning of the eighteenth century by
a Eoman ecclesiastic and termed by him magnesia alba. Why
this name was given to it in contrast to magnesia niyra as black

oxide of manganese was then called is not known. The mode of

preparation of this substance was for some years kept secret, until

in the year 1707 Professor Valentini, of Giessen, pointed out

that magnesia alba can be obtained by boiling down the mother-

liqnors from the preparation of nitre and igniting the residual

products. Shortly afterwards, in 1709, Professor Slevogt, of

Jena, prepared the same substance by the precipitation of salt-

petre mother-liquors with a fixed alkali. The substance thus

obtained was a mixture of calcium carbonate and magnesium
carbontite in varying proportions, and hence its medicinal action

was very variable, and a satisfactory discrimination between

lime and magnesia was rendered more difficult. The distinction

between these two earths was first clearly pointed out by Black

1 Ber. Dcutsch. Clicm. Gts. xiii. 1451.

Ibid, xxiii. 2556.
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in the year 1755. He showed that white magnesia is a com-

pound of fixed air with a peculiar earth, which, differs from

lime in yielding a soluble sulphate. The properties of the

new earth were subsequently more completely investigated by

Bergman in 1775, but Black retained for it the name of

magnesia. When Davy proved that this earth was the oxide

of a metal, the name of magnium was given by him to the metal,

the name magnesium or manganesium being at that time used to

designate the metal contained in pyrolusite. This confusion was

put an end to by the general adoption of the name magnesium
for the metal contained in magnesia alba, and of manganese for

that contained in pyrolusite.

Magnesium is a metal widely distributed in nature. It is

found as magnesite, MgCO.^ , dolomite, (MgCa)C03 ;
kieserite

MgS04 + H2 ; kainite, MgS04 + KC1 + 6H
2 ; carnallite, MgCl,

+ KC1 + 6H
2O; spinelle, MgOAl a

O3 ;
asbestos (MgCa)SiO8 ;

talc, H2Mg3Si4 12 ; meerschaum, HaMg2Si8Ofl
+ H,O, and as the

chief constituent of many silicates such as augite, olivine, tour-

maline, and serpentine, whilst it is contained in smaller quantities

in most of the other silicates.

Magnesium sulphate, MgS04+7H20, is a chief constituent

of certain saline springs, whilst the chloride, MgCl 2 ,
occurs in

salterns and in sea-water. Magnesium is also found in the

animal and vegetable worlds. The bones of animals and the

seeds of the cereals contain small quantities of magnesium

phosphate, and ammonium magnesium phosphate separates out

from the urine on standing, thus giving rise to many urinary

deposits as well as to gravel and stone. The same salt likewise

occurs in guano.

139 Preparation of Metallic Magnesium. Davy was the first

to prepare metallic magnesium, but he did not obtain it in the

pure state. It was first obtained as a coherent metal by

Bussy,
1 who fused the anhydrous chloride of magnesium with

potassium. Bunsen afterwards obtained it by the electrolysis

of magnesium chloride, which is for this purpose fused in a

porcelain crucible.2 This crucible is divided into two by a

vertical diaphragm made of the cover of a porcelain crucible

rubbed down to the right shape (Fig. 71) ;
on each side of this

are placed the two poles made of gas carbon
;
the carbon of the

negative pole is cut so as to form pockets, as shown in Fig. 72,

1 Journale de Chimie Medicale Ann. 1830. p. 141.
2 Ann. Chcm. Pharm. Ixxxii. 137.
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inside which the metal is deposited : unless this precaution
be taken, the metal, being lighter than the fused chloride,

rises to the surface and burns. As it is difficult to prepare the

pure chloride, Matthiessen employed a mixture of the chlorides

of potassium and magnesium in nearly equal proportions,

namely, in the ratio of 3 molecules of potassium chloride to 4

of magnesium chloride.1 After having mixed the two salts in

the proper proportions together with some chloride of ammonium
the mass may be fused and electrolysed as in Bunseu's method.

The pockets are, however, not required in this case, as the metal

is specifically heavier than the fused mixture. A very conve-

nient and simple way to reduce the metal, especially applicable
for the lecture-table, is in a common clay tobacco-pipe over a gas

flame, the negative pole being
an iron wire passing through
the pipe stem, and the positive

pole being a piece of gas-coke

just touching the surface of the

fused chloride.

Magnesium is now prepared
on the large scale according to

the method proposed by Oaron
FIG. 72. ana Deville.2 For this purpose

a mixture of 600 grams of fused

chloride of magnesium, 480 grains of finely-powdered fluor-spar,

and 230 grams of sodium in small pieces is thrown into a red-hot

crucible, which is then closed with the cover. After a short time

a violent reaction takes place, and as soon as this is complete the

contents of the crucible are stirred round with an iron rod in

order to unite the small globules of metal into larger masses.

To avoid the somewhat troublesome preparation of the anhy-
drous chloride, Wohler suggested the use of the fused double

chloride of magnesium and sodium. Sonstadt, in place of this,

employed a mixture of potassium chloride and magnesium
chloride, which may be also obtained by fusing the mineral

carnallite. Care however must be taken that no kieserite is

present, otherwise explosions may occur.

The manufacture of magnesium on the large scale was first

effected by Sonstadt and Mellor. The process is essentially

that of Caron and Deville carried on on a larger scale, an

1 Journ. Chem. Soc. viii. 107.
2 Ann. Chim. Thys. [3] Ixvii. 347.
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important improvement being the distillation of the crude

metal, as this usually contains carbon, silicon, and nitrogen.
The fact that magnesium can be readily distilled was indeed

discovered by Deville and Caron, but first .technically employed

by Sonstadt. For this purpose, the crude magnesium is placed
in an iron crucible having an iron tube passing through from the

bottom to within an inch of the lid. The crucible is filled with

the crude metal to the level of the mouth of the tube, the lid

carefully screwed and luted down, and the air displaced by a

current of hydrogen or coal-gas. As the crucible becomes

heated the magnesium distils over, passing through the upright
tube into a box placed below, where, on the completion of the

operation, it is found in the form of a coherent mass which is

subsequently melted and cast into ingots or any other form that

may be required. Magnesium is now prepared on the large scale

by the Magnesium Metal Company at Patricroft near Manchester,

and also by the American Magnesium Company at Boston.

Matthiessen showed that the metal is malleable and ductile, and

he pressed a small quantity into wire. Great difficulty was

experienced in pressing it into wire on the large scale, but

now, by machinery contrived for the purpose by Mr. Mather of

Salford, the metal is pressed when in a semi-fluid state into

wire of varying thicknesses and of any required length, and

this afterwards flattened into ribbon.

140 Properties. Magnesium has a brilliant silver-white colour.

It preserves its lustre in dry air, but in moist air it becomes

covered with a film of oxide. Its specific gravity is 1*75. It

melts at a red-heat and boils at a temperature somewhat

above that at which zinc volatilizes. It occurs in commerce

usually in the form of ribbon. When a piece of this is held

in the flame of a candle it burns with an intensely white light,

which has been seen at sea to a distance of twenty-eight miles.

The light from burning magnesium wire is rich in chemically

active rays, so that it is possible to photograph by means of it

Bunsen and Iloscoe have determined the chemically active

value of this light compared with that of the sun. 1
They

showed that a burning surface of magnesium wire, which seen

from a point at the sea's level has an apparent magnitude equal
to that of the sun, effects, at that point, the same chemical action

as the sun would do if shining from a cloudless sky at the height

of 9 53' above the horizon. On comparing the visible bright-

1 Phil. Trans. 1859, p. 920.
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ness of these two sources of light it was found that the brightness

of the sun's disc as measured by the eye is 5247 times as great

as that of burning magnesium when the sun's zenith-distance is

67 22', whilst at the same zenith-distance the sun's chemical

brightness was only 36'6 times as great. Hence the value of this

light as a source of chemically active rays for photographic

purposes becomes at once apparent. The application of mag-
nesium as a source of light has become of technical importance.
A burning magnesium wire of the thickness of

-297 mm.
evolves as much light as 74 stearin candles of which five go to

the pound. If this light lasted one minute 0'987 m. of wire

weighing 0'120 gram, would be burnt. In order to produce
a light equal to 74 candles burning for ten hours whereby
201bs. of stearin is consumed, 722 grams or 2^oz. of mag-
nesium would be needed.

The light from burning magnesium has been employed for

signalling, and for military and naval purposes, and it is especially

employed in pyrotechny. Metallic magnesium is also made
use of in chemical analysis, and in toxicological investigations,

where, as it is perfectly free from arcenic, it may be used with

advantage in Marsh's apparatus in the place of zinc. It is also

used in the estimation of nitrates and nitrites in drinking water,

and in other case^, as a reducing agent.

MAGNESIUM AND OXYGEN.

141 Magnesium Oxide or Magnesia, MgO. This substance is

formed when the metal burns in the air. It is also produced

by the ignition of any magnesium salt containing a volatile

acid. It is prepared on the large scale by igniting the carbonate,

magnesia alba, and it forms a very fine light powder known as

magnesia usta or calcined magnesia. It is almost insoluble in

water, 1 part dissolving in 55,000 parts of both hot and cold

water (Fresenius). It is tasteless, but in the moist state turns

red litmus-paper blue. When ignited for some time it becomes

more dense, undergoing a change of specific gravity from 3'07

to 3'61. When heated in the oxy-hydrogen flame magnesia
melts, solidifying on cooling to an enamel-like mass which is

hard enough to scratch glass. When magnesia is ignited in a

current of hydrochloric acid it is obtained in the form of regular

cubes and octahedrons, and if a mixture of magnesia and ferric
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oxide be treated in this way black octohedrons of magnoferrite,

MgO,Fe2 3 , are formed together with those of MgO containing
a little ferric oxide; these are of a yellow colour, identical

with periclase,
1 a mineral found at Monte Somma, near

Naples.

Magnesium Hydroxide, Mg(OH) 2
. This compound is obtained

as a white precipitate when potash or soda is added to a mag-
nesium salt. It occurs in nature as the mineral brucite, which
is found embedded in serpentine with other magnesium minerals.

Magnesia is largely us.ed as a medicine and has been employed
by Caron for the purpose of making infusible crucibles.

SALTS OF MAGNESIUM.

142 Magnesium Chloride, MgCl 2 ,
is contained in sea-water, in

many brine-springs, and in various salt-beds, and is at present

prepared in large quantities at Stassfurt. It is very soluble in

water, 100 parts of water dissolving at the ordinary temperature
about 130, and at the boiling point 366 parts of the salt. The
hot concentrated solution deposits on cooling needles or prisms
of the deliquescent hydrated salt, MgCl 2 + 6H

2
O.

The hydrated salt is decomposed on heating, water and

hydrochloric acid being given off' and magnesia remaining. In

order to prepare the anhydrous salt, sal-ammoniac is added to

the solution
;
this is then evaporated to dryness. and the residue

carefully heated until it is anhydrous, and afterwards ignited in

a platinum crucible. The clear fused mass solidifies on cooling,

forming a laminated crystalline solid which dissolves in water

with evolution of heat. It possesses a bitter saline taste, and

is now largely used for the purpose of dressing cotton goods.

Magnesium chloride forms crystalline double salts with other

chlorides, especially with those of the alkaline earths. Of these

the following are the most important :

Potassium Magnesium Chloride or Carnallite, MgCl 2 ,
KC1 +

GH.,0. This compound crystallizes in rhombic prisms which

deliquesce on exposure to the air, leaving a residue of potassium
chloride.

Ammonium Magnesium Chloride, MgCl 2
NH

4
Cl 4- 6H20, is

1 H. Deville, Ann. Chem. Pharm. cxxx. 280.
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deposited from solution in small rhombic crystals which dissolve

in six parts of water.

Calcium Magnesium Chloride or tachhydrite , 2MgCl 2, CaCl2 +.

12H20, occurs at Stassfurt in yellowish rounded masses which

deliquesce on exposure to the air.

Oxychlorides of Magnesium. If strongly ignited magnesia be

brought into contact with a concentrated solution of the chloride

the mixture after standing for some hours solidifies to a mass

so hard that it is capable of being polished (Sorel). A mass of

this kind which had been exposed for six months to the air

gave results on analysis which render it probable that it is a

mixture of magnesium carbonate and the compound

MgCUoMgO + 17H20, or
2Mg| Ĥ + 4Mg(OH)2 + 12H

20.

This substance loses water on heating, but does not give off

hydrochloric acid
;
and chloride of magnesium may be with-

drawn from it by repeatedly boiling with water, leaving a residue

of magnesium hydroxide as a hard non-crystalline mass re-

sembling brucke.1 If a solution of magnesium sulphate to

which ammonia and sal-ammoniac have been added (a mixture

frequently used in the laboratory) be allowed to stand for

some time a crystalline precipitate having the composition

2Mg I
j

H
+ 4Mg(OH), + 8H 2 is formed (J. Davis).

Magnesium Bromide, MgBr2 , occurs in sea-water and in many
brine-springs. The anhydrous salt is obtained by heating

magnesium in bromine vapour, or by leading bromine vapour
over an ignited mixture of magnesia and sugar charcoal. It

forms a white crystalline mass which hisses and evolves heat

when brought into contact with water, and crystallizes from a

hot concentrated solution in needles, having the composition

MgBr.,, -I- GH 20. On heating the crystals, h)drobroruic acid is

given off and magnesia is left behind.

Magnesium Iodide, MgI2, is found together with the bromide

in sea-water and brine springs. It can be prepared by dissolv-

ing magnesia in hydriodic acid. On evaporation, hygroscopic

crystals of a hydrated salt are deposited, which reaf'
;1 v under-

go decomposition with liberation of iodine.

Magnesium Fluoride, MgF2 ,
occurs as the mineral sellaite in

colourless quadratic crystals, found at Montiers in Savoy. When
pure magnesia is evaporated with an excess of aqueous hydro-

1
Bender, Ann. Chem. Pharm. cvix 341.
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fluoric acid to dryness, this same compound is obtained as an

amorphous mass. When this is fused with common salt and

the mass gradually cooled, it is deposited in crystals which, after

washing with water, exhibit the same form as sellaite (Cossa.)

143 Magnesium Sulphate, MgS04 , occurs in nature as kieserite,

MgS04 4 H 20, and epsom salt, MgS04+7H20. These two com-

pounds can be readily distinguished by the action of water on

them. Epsom salt is readily soluble in water, whilst kieserite is

as difficultly soluble as gypsum. Kieserite occurs crystallized in

rhombic prisms, but is more commonly found in granular masses

which dissolve slowly when allowed to remain in contact with

water, being gradually converted into epsorn salt. Ep.som salt

occurs in many mineral-waters. It is found as epsomite or

hair-salt in silky fibres and fibrous crusts at Idria in Carniola.in

the gypsum quarries of Montmartre near Paris, and in various

other localities. The floors of the limestone caves in Kentucky,

Tennessee, and Indiana are in many instances covered with

minute crystals of epsornite mingled writh earth. In the

Mammoth cave in Kentucky it adheres in loose masses like

snow balls (Dana).
The manufacture of magnesium sulphate from the upper

layers of salt (Abraumsalz) at Stassfurt is carried on on the

large scale. The crude kieserite is placed in sieves in water.

The magnesium chloride and finely divided chloride of sodium

dissolve whilst the kieserite falls through the meshes of the net

in small powder, and larger pieces of rock-salt, anhydrite, and

earthy impurities remain behind. This powder is then brought
into conical wooden moulds in which it is allowed to remain,

and in which it soon becomes a hard coherent mass, inasmuch

as a portion of the salt combines with water to form the

hepta-hydrate which binds together the remaining powder of

the kieserite. This kieserite-stone is then dried and powdered,
and contains 80 to 90 per cent, of magnesium sulphate, and

from 1 to 2 per cent, of common salt. It is either brought

into the market in this form or worked up into epsom salt.

Sulphate of magnesium was formerly produced in considerable

quantity by treating either native carbonate of magnesium or

dolomite with sulphuric acid, the gypsum formed in the latter

case, being much less soluble than magnesium sulphate, is easily

separated from it. Fonnerly, also, dolomite was burnt, the

lime dissolved out by crude pyroligneous acid, and the residual

magnesia treated with sulphuric acid (Henry).
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Magnesium sulphate crystallizes from a hot concentrated

solution in four-sided rhombic prisms shown in Fig. 73, contain-

ing seven molecules of water, and isomorphous with the corre-

sponding sulphates of zinc and nickel. As a rule, the commercial

salt occurs in the powdery form consisting of minute delicate

needlesobtained by quick crystallization of a concentrated solution.

The crystals are not efflorescent, but the commercial salt some-

times becomes moist in contact with air in consequence of the

presence of traces of magnesium chloride. The crystals possess

an unpleasant saline bitter taste and have a

specific gravity of 1'685 (Schiff). On heat-

ing, they melt in their water of crystalliza-

tion, and lose six molecules at 150, the last

molecule being termed by Graham constitu-

tional ivater, because it is not driven off until

a temperature of 200 is reached. The salt

is freely soluble in water
; according to Gay-

Lussac 100 parts of water at dissolve

25'76 parts of the anhydrous salt and an

additional 047816 for every degree above

FIG. 73. this. Magnesium sulphate is insoluble in

absolute alcohol.

When a boiling and concentrated solution of magnesium
sulphate is placed in a closed vessel it remains supersaturated
when cold. Such a solution may stand for weeks or months
without solidification, but milk-white crystals are sometimes

deposited which contain six molecules of water, and, some-

times, monoclinic tables with seven molecules of water are

obtained. From this it is seen that epsom salt is dimorphous ;

this is also shown by the fact that it crystallizes as an

isomorphous constituent with monoclinic ferrous sulphate,
FeS04 + 7H20. Epsom salt is largely used as a purgative,

and, like the chloride, is employed as a dressing for cotton

goods. It is also used in dyeing with aniline colours, as goods
thus dyed are found to stand the action of soap better

;
this

is probably due to the formation of an insoluble magnesia soap.

Kieserite is also used in the preparation of glauber-salt and

potassium sulphate, and also as a manure.

Magnesium sulphate forms a series of characteristic double

salts with the sulphates of the alkali-metals. These have

the general formula MgS04M'2
S04 + 6FT,0, and crystallize in

monoclinic prisms. When the anhydrous sulphate is dissolved
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in hot concentrated sulphuric acid the solution on standing
deposits the compound MgS04 + H 2S04 ,

in six-sided tables,

which soon absorb moisture from the air and are thereby
decomposed.

1

Magnesium Nitrate, Mg(N03)2. This salt occurs in the mother-

liquors from the saltpetre manufacture, and in the surface water

of towns, having been first detected by Berzelius in the well-

water of Stockholm. It is prepared by dissolving magnesia
alba in nitric acid. The hydrated salt, containing six mole-
cules of water, crystallizes from concentrated solutions in prisms
and needles, which dissolve in half their weight of cold water

and in nine parts of alcohol of specific gravity 0'84, but are

less soluble in pure alcohol.

144 Phosphates of Magnesium. TJie Normal Orthophosphate,

Mg3(P04) 2 ,
occurs in small quantities in the seeds of the cereals

and in bones. It is obtained in the form of a white precipitate
when a solution of normal sodium orthophosphate is added to a

solution of epsom salt. One part of the salt dissolves in 5,000

parts of water. A phosphato-fluoride of magnesium having the

formula 2Mg3(P04) 2 -|-MgF2
occurs in nature as wagnerite.

Hydrogen Magnesium Orthophosphate, HMgPO ,
is obtained

when a solution of epsom salt is mixed with one of common

phosphate of soda; on standing, hexagonal needles of the acid

salt containing seven molecules of water are deposited. These

dissolve in 322 parts of cold wate.r If this solution be heated

it becomes milky owing to the separation of the insoluble normal

salt, a tetra-hydrogen phosphate H4Mg(P04) 2 remaining in

solution. This latter compound has not been obtained in the

pure state.

Magnesium Ammonium Orthophosphate, Mg(NH4)P04+6H20.

This salt, a frequent constituent of urinary calculi, was dis-

covered by Fourcroy. It is produced in the putrefaction of

urine, and large crystals of it have been found in some varieties

of guano. It is formed when an ammoniacal solution of sal-

ammoniac is mixed with a solution of magnesium sulphate, and

a soluble orthophosphate then added. If the solution be dilute,

the precipitate takes some time to form, and deposits in small

crystals which attach themselves to the sides of the vessel,

especially upon points presenting any roughness or inequality,

as where the beaker-glass has been scratched. It separates in

1
Scliiff, Ann. Chcm. Pliarm. cxviii. 365.
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this way from extremely dilute solutions, affording a very delicate

test either for magnesium or for phosphoric acid. According to

Graham the best mode of obtaining it in distinct crystals is to

mix 600 parts of hot water with four parts of strong ammonia
;

then add seven parts of crystallized phosphate of soda, two

parts of sal-ammoniac and four parts of sulphate of magnesium.
The crystals which are thus deposited are transparent quadratic

prisms. One part of the salt dissolves in 15,000 parts of water at

15 and in 44,000 parts of ammoniacal water, whilst in presence of

sal-ammoniac it is somewhat more readily soluble. At 100 the

salt gives off five molecules of water without loss of ammonia,
and at a higher temperature the whole of the water and am-

monia escapes, pyrophosphate of magnesium, Mg,P2
O

7 , remaining
behind.

The Arsenates of Magnesium closely correspond to the phos-

phates.

145 Carbonates of Magnesium. Normal magnesium carbonate,

MgC03 ,
occurs in nature as magnesite, a mineral isomorphous

with calc-spar. The same mineral frequently occurs in compact
or granular masses, and is found in large quantities in various

localities, especially in the island of Euboea. The normal carbo-

nate is also formed by the action of magnesium chloride on

calcium carbonate (Marignac). It has a specific gravity of 3'056
;

it is not easily soluble in dilute acid, but dissolves in water

saturated with carbon dioxide, being soluble in larger quantity

when the pressure to which the liquid is subjected is increased.

According to Wagner
1 one part of magnesium carbonate dis-

solves at 5 in

761 parts of carbonic acid-water under a pressure of 1 atmosphere
134 3 atmospheres
110 ,5
76 6

The solution has an alkaline reaction and a bitter taste. If it

be placed in a partially closed flask at 50, crystals of the hydrated
carbonate MgC03 + 3H

2
are deposited from solution, whilst at

a lower temperature tabular crystals containing five molecules of

water separate out. When evaporated to dryness, the solution

yields a crystalline powder which, examined under the microscope,

is found to consist of crystals having the form of arragonite.
2 But

1 Journ. PraU. Chcm. cii. 233.
a H. Rose, Pogg. Ann. xlii. 366.
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if the solution be heated to 300 in a vessel closed by a porous

stopper through which the carbonic acid can slowly escape,

microscopic rhombohedrons of the form of native magnesite are

deposited.
1 Carbonate of magnesium is, therefore, isodimorphous

with calcium carbonate. If a solution of epsom salt be pre-

cipitated with an excess of sodium carbonate, and the precipitate
boiled until it becomes crystalline, a basic carbonate having the

composition

HO Mg CO Mg CO -0 Mg OH

is thrown down in the form of small granular crystals contain-

ing two molecules of water of crystallization. The magnesia
alba of the shops is also a basic carbonate, which usually

possesses the following composii ion :

HO Mg C03 Mg C03 Mg C03 Mg OH.

It contains from two to three molecules of water, and is a very

light powder (magnesia alba levis). This is obtained by pre-

cipitating a solution of epsom salt or magnesium chloride with

sodium carbonate. If the precipitation be carried on at the

boiling temperature a much more dense precipitate is obtained

(magnesia alba ponderosa).
Another method of preparation is that patented by Pattinson,

which consists in igniting dolomite (a mixture of carbonates of

calcium and magnesium), and then treating it with water and

carbon dioxide under pressure, when the carbonate of magnesium
dissolves in the carbonic acid more readily than does the

carbonate of calcium
;
the solution of bicarbonate of magnesium

which is formed is decanted from the insoluble carbonate of

calcium and decomposed by a current of steam. The salt thus

obtained is very white and of a loose texture.

Magnesia alba is almost insoluble in water. It dissolves,

however, readily in solution of ammoniacal salts, owing to the

formation of ammonium carbonate and a soluble double salt.

For this reason ammonium carbonate does not precipitate a

magnesium salt completely, and no precipitate occurs in the

presence of sal-ammoniac. The mineral termed h} dromagnesite,

possessing the same composition as magnesia alba, occurs in small

white monoclinic crystals. These basic carbonates of magnesium

may be represented as compounds of the normal carbonate with

the hydroxide :

1 Scnarmont. Ann. Chim. Phys. [3] xxx. 129.
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(1) 2 MgC03 + Mg (OH) 2 + 2 H
2

(2) 3 MgC03 + Mg (OH) 2 + 3 H
20.

146 Magnesium Sulphide, MgS. This substance is not formed

111 the wet way, but is obtained when a mixture of magnesium

filings and sulphur is heated to dull redness in a current of

sulphur vapour.
1 The product is a brown, coherent, hard,

and brittle coke-like mass, mixed with a small quantity
of. magnesium oxide and some undecomposed metal. On

exposure for some time to the air the difficultly fusible

sulphide slowly tarnishes, and evolves sulphuretted hydrogen,
and the granular and bright steel-grey fracture becomes dull

and coated with a grey oxide. It is slightly soluble in

water, yielding a straw-yellow solution, but on exposure to

the light it deposits sulphur, and becomes colourless. This

solution doubtless contains magnesium hydrosulphide, Mg(SH)2 ,

which may also be obtained by passing sulphuretted hydrogen
into water containing magnesia if suspension.

2 It is an

extremely unstable compound, and on exposure to the air, or

when heated, gives off sulphuretted hydrogen, leaving magnesia
behind.

Magnesium Nitride, Mg3
N

2
Deville and Caron, when preparing

magnesium, observed that the distilled metal sometimes appears
covered with small transparent needles,

3 which decompose in moist

air with formation of ammonia and magnesia, and therefore

contain a nitride of magnesium. This compound was obtained

in the amorphous state by Briegleb and Geuther,
4
by igniting

magnesium in ammonia or in nitrogen gas. The nitride of

magnesium thus prepared is a greenish-yellow amorphous mass,
which when heated in dry oxygen gas is converted, with bright

incandescence, into magnesia. On exposure to the air or when
treated with water it is quickly decomposed into ammonia and

magnesia, so much heat being evolved in the latter case that the

water boils. When heated in a current of sulphuretted hydrogen

gas, ammonium sulphide and magnesium sulphide are formed.

Magnesium Silicide was obtained by "Wohler as a by-product
in the preparation of metallic magnesium, by fusing together a

mixture of sodium, magnesium chloride, and sodium silico-fluoride.

According to Geuther it is best prepared by filling a Hessian

1
Parkinson, "On the Alloys of Magnesium," Journ. Chein. Soc. xx. 127.

8
Berzelius, Pogg. Ann. vi. 443. 3 Ann. Chim. Phys. [3] Ixvii. 348.

4 Ann. Chem. Pfuirm. cxxiii. 223.
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crucible with alternate layers of fused and powdered sodium
chloride and a mixture of 2 '5 parts of common salt, 7 parts of

sodium silico-fluoride, and 2'5 parts of magnesium. The whole is

then covered with common salt and the crucible exposed to the

heat of a wind-furnace. When the reaction is finished the mass
is stirred round, and the cold regulus treated with dilute sal-

ammoniac solution, which dissolves the magnesium, but, in the

cold, only slightly attacks the silicide.
1 This compound forms

lustrous metallic crystals, which have the formula Si
3Mg5

.

AVhen treated with hydrochloric acid, a mixture of hydrogen
and silicon hydride is evolved, and silicoformic anhydride (see

Vol. I., p. 561) is formed. From this it would appear that

magnesium silicide is a mixture of SiMg2
and SiMg, its decom-

position being thus represented :

(1) SiMg2 + 4 HC1 = 2 MgCl 2
4- SiH4

(2) 2 SiMg + 3 H
2 + 4 HC1 = 2 MgCl 2 + Si

2
H

2 3 + 4H2

DETECTION AND ESTIMATION OF MAGNESIUM.

147 Magnesium and its compounds do not impart any tint to

the non-luminous gas-flame. The spark spectrum of magnesium
is, however, very characteristic (Bunsen, Kirchhoff, Thalen),

giving lines in the green coincident with Fraunhofer's b. The

brightest of these lines is situated very close to an air-line,

and for this reason it is better to observe the magnesium spark
in an atmosphere of hydrogen, or in one of coal-gas, than in

the air (Bunsen).

In the course of ordinary qualitative analysis, magnesium is

obtained together with the alkali-metais, as it is not precipitated

by carbonate of ammonium in presence of sal-ammoniac. The

presence of magnesium is readily detected by the addition of

sodium phosphate to a portion of the solution, as on standing

for a short time a crystalline precipitate of Mg(NH 4)PO4

4 6H
2
O is deposited. The formation of this precipitate is

greatly accelerated by stirring the solution with a glass rod

when the crystals are deposited where the rod has scratched

the glass.

The quantitative estimation of magnesium in the presence

of the alkalis is accomplished by the method proposed by
Berzelius. The solution which must contain the metals in

1 Journ. Prakt. Cfcm xcv. 4-J4.
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the form of chlorides, as is indeed always the case in the

analysis of silicates, &c., is evaporated to dryness, and the

lesidue ignited in order to volatilize the aramoniacal salts. The

fixed residue is then warmed with a small quantity of water,

and a little finely divided oxide of mercury added
;
the mixture

again evaporated to dryness on a water-bath, and the residue

ignited in order to expel the mercuric chloride and excess of

oxide. The residue contains the magnesium in the form of

oxide, whilst the alkali-metals remain as chlorides, and are

soluble in water. The undissolved magnesia after having been

well washed is dissolved in hydrochloric acid, and precipitated

as the ammonium magnesium phosphate, which must be washed

with dilute ammonia. After ignition the magnesium is

estimated as pyrophosphate.
The atomic iceight of magnesium has been accurately deter-

mined by Scheerer and Marchand.1 For this purpose they

analysed a pure specimen of magnesite, obtaining the number

23'98 as a mean of several experiments; Marignac finds 24 3.

ZINC. Zn = 65 'i.

148 The ancients were acquainted with the alloy of zinc and

copper which wa term brass, but they were not aware that it

contained any other metal besides copper, and it was only after

some time that a more accurate examination of brass and the

ores which were employed for its production led to the recouni-

tion of zinc as an elementary body. Aristotle, in thrs fourth

century B.C., mentions the preparation of brass under the name
of Mossinoecian copper, which he describes as being bright and

light-coloured, not produced by the addition of tin, but by its

having been melted with a peculiar earth found on the shores

of the Black Sea. The early use of brass is clearly proved by
the following analysis by Tookey, quoted by Percy, of an

undoubtedly genuine Greek coin of Trajan struck in Caria

A.D. 110:

Copper 77-590

Zinc 20-700

Tin . . . 0-386

Iron . 0-273

98-94:9
1 J(jum. Prakl. Chem. 1. 3S5.
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This ore, by means of which copper could be coloured yellow,
was termed KaSfj,ela, or cadmia, by Dioscorides and Pliny, The
same word is also used bv the latter author to designate the

sublimate, consisting of impure oxide of zinc, found in the

brassfounders' furnaces. It has already been stated hi the

Historical Introduction that the older alchemists were acquainted
with the means of turning copper of a yellow colour. The

material by which this change was brought about was termed in

the Latin translation of their works tutia. Agricola believed

that brass was a mixture of copper and earth termed galmei or

calamine, and he describes the employment of tutia in the

place of the natural ore as follows :

" Sunt qui in cadmise

fossilis locum cadmiam fornacurn substituunt."

The word zinc is first found in the writings of Basil Valentine.

It occurs in his Currus triumphalis Antimonii, and also in his

Last Testament.
" The mineral kingdom contains or includes

all ores, metals, minerals, marcasites, calx, zinken, all sorts of

quartz, bismuth, and stones, whether they are noble or base."

Valentine, however, does not appear to have classed zinc with

the metals proper, and it was Paracelsus who first pointed out

that zinc was a metal. He says in his treatise on minerals :

" There is another metal called the zinlcen, which is unknown
to the fraternity, and is a metal of a very singular kind."

In other' places he describes it as a bastard or semi-metal. The

word zinc occurs in many subsequent authors, and sometimes it

is employed to denote the metal, at other times the ore from

which the metal is obtained. Libavius was the first to in-

vestigate the properties of zinc more exactly, although he was

not aware that the metal was derived from the ore known as

c.ilamine. He states that a peculiar kind of tin is found in

the East Indies called calaem. Some of this was brought to

Holland and came into his hands. He describes its outward

appearance and general properties minutely, and compares them

with those of the other metals, laying very particular stress upon
the fact that when heated in the air this metal takes fire

and burns. The exact nature of zinc and its ores continued

doubtful during the seventeenth century. Glauber, it is true,

stated that calamine is an ore of zinc, but Lemery so late as

1675 believed that zinc was identical with bismuth, and Boyle

often employed the names zinc and bismuth indiscriminately

for the same substance, also employing the word spiauter

(our English spelter), a name apparently of Eastern origin. In
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general it was believed that the brass which was obtained from

copper andcalamine contained the latter substance as such. The

view that brass is an alloy was first put forward by Kunkel at

the end of the seventeenth century. He says in his Labora-

torium,
"
I have already remarked in my annotations that

calamine allows its mercurial (metallic) part to pass into the

copper and form brass. For thou wilt never believe that as a

sal it could tinge copper ;
as a terra it cannot enter it, since it

would make the copper brittle, and moreover could not tinge
it." Stahl afterwards gave it as his opinion that calamine can

turn copper into brass by being first converted into zinc.

The preparation of zinc on the large scale appears to have

been first carried out in England. According to Bishop Watson,
zinc-works were first established at Bristol about the year 1743.

"In about the year 1766 Watson visited Mr. Champion's works

near Bristol and saw the process of making zinc, which at that

time was kept rigidly secret. Many years afterwards he pub-
lished an accurate description of this process, which is the same

as that hereafter described as the English process"
*

(Percy).

The first Continental zinc works were erected in 18U7 at

Liege.

Zinc is said to have been found in the native state near

Melbourne in Australia, but it occurs chiefly as smithsonite

or zinc-spar, ZnC03 , found near Altenberg, in the neighbourhood
of Aix-la-Chapelle, at Wiesloch, in Blegium, Spain, Siberia, and

North America, as well as at Alston Moor, Lead Hills, Donegal,
and Matlock in Great Britain. It also occurs as siliceous cala-

mine, Zn
2Si04 + H20, found together with zinc-spar, and as zinc

blende or zinc sulphide, ZnS, occurring with galena, fluor-spar,

&c., in England, in the Harz, in Saxony, in Bohemia, in North

America, and in other localities.

Other ores of zinc are franklinite, (ZnFe)O -f Fe
3 3 ;

red zinc

ore, or oxide of zinc, which derives its peculiar colour from the

presence of red oxide of manganese ; hydro-zincite, ZnC03 +
2Zn(OH) 2 ; aurichalcite, 2CuCO f 3Zn(OH) s ;

zinc sulphate,

ZnS04 + 7H2O, and gahnite or zinc-spinelle, ZnO + A1
2 3,

&c.

Zinc has been found in the ashes of the yellow violet ( Viola

Caliminaris), growing in Ehenish-Prussia in soil which contains

zinc. In former times calamine was the only ore of zinc

from which the metal was extracted. At the present time,

however, large quantities of zinc silicate, a mineral occurring
1
Metallurgy, i. 521.
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with the carbonate, are employed for the preparation of zinc,

whilst zinc blende is also used. In America the metal is

extracted from franklinite and from the red zinc ore.

149 Smelting of Zinc. The first process in the preparation of

zinc usually consists in the rjasting of the ore in order to drive

off the carbonic acid and water which it contains, and, in the case

of zinc blende, to convert the sulphide into oxide. In roasting

the latter ore great care has to be taken to prevent the formation

of zinc sulphate, a salt which requires a very high, temperature
for its decomposition, and which would be again converted, in the

process of reduction which

follows, into sulphide, and

thus cause a considerable

loss. Blende is usually

roasted in open furnaces,

but an improved furm of

furnace, in which the sul-

phur dioxfde evolved is

condensed, has been pro-

posed by Messrs. Hasen-

clever and Helbig, and

this is now frequently

employed.
1

The reduction of the

zinc ores was formerly

carried on in England by
a process termed distilla-

tion per descensum. The

furnace employed closely

resembles those in use in

glass-works. Crucibles

(ii, Fig. 74) charged with

the roasted ore, mixed

with half its weight of

powdered coal, are placed
in these furnaces. Each

crucible is closed at the
Fig. 74.

top, but has an opening
at the bottom which is plugged with a piece of wood, and an iron

tube (h h~), fitting close to the bottom of the crucible, is arranged
as a receiver into which the vapour of the zinc is condensed.

1 Zeitschr Ver. deutsch Ing. 1872, 505.
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The wooden plug ^s soon converted into charcoal by the heat of

the furnace, and this, whilst sufficiently porous to allow the vapour

of the metal to pass, stops any coal or ore from falling down

into the tube. The zinc collects in the tube and in the vessel g g

placed below in the form of drops or powder. It requires to be

re-melted in an iron pot, and is then cast into slabs and sent

into the market. This process is not economical, and it necessi-

tates a much larger consumption of fuel than the following plans,

which are therefore now more generally adopted.

150 In the Belgian process, tube-shaped retorts made of re-

fractory fire-clay are employed. In these the

mixture of pounded coal and roasted ore is placed.

Each retort (a, Fig. 75) is about 1 metre in length,
and has an internal diameter of about O2 m. To

m
e

the open end a long conical earthenware pipe

(6), 0-24 m. in length, is luted, and the end of

FIG. 76. FIG. 77.
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this adapter is fitted into a sheet-iron condenser
(c), the extremity

of which is open and about 2'5 cm. in diameter. Forty-eight or

more of these retorts are placed in the furnace, being set in a

slanting direction to allow the metal to run out. The furnace

has the form of an arched recess (Fig. 77), and four such

furnaces are usually built together in one mass of brickwork.

A mixture of 2 parts of ground roasted ore and 1 part of coal-

dust is brought into the retorts, each holding about 40 Ibs.

of the mixture. As soon as the temperature has risen high

enough, the reduction begins, and carbon monoxide is evolved

and burns from the end of the clay adapter with a blue flame.

After a while the flame becomes much more brilliant, showing
that the metal is beginning to volatilize

;
the iron condenser

is then placed on to the end of the clay adapter, and the

metallic vapours are thus condensed. After about two hours

the iron condenser is taken away and the oxide knocked out.

A ladle is then held under the mouth of the clay adapter,

and the melted zinc which has accumulated in the adapter and

in the retort is scraped out. The iron receiver is then again
fixed in its place, and after a second couple of hours the opera-

tion is repeated. It is completed in about eleven hours. The

exhausted charge is then removed from the retort and a fresh

one introduced. In this way two charges are worked off from

each retort in twenty-four hours.

In the Silesian process, which is the one now most generally

adopted, clay retorts or muffles (Fig. 78) about 1 metre long
are arranged side by side in the horizontal bed of a reverbera-

tory furnace (Figs. 79 and 80). No less than thirty or forty

muffles are thus arranged, and these may contain 1,500 to 2,000

kilos, of the mixture of coal and roasted ore. This mixture is

introduced through a luted clay door in the muffle or retort.

When the temperature has risen sufficiently high, the vapour
of the reduced zinc passes out of the retort by a bent clay pipe

(A, Fig. 78), and condenses in an iron tube, falling down into an

iron tray placed in a closed recess (o) (Fig. 79), in the furnace.

In this process a considerable quantity of zinc is burnt, pro-

ducing zinc oxide, known as Silesian zinc-flowers. Siemens'

gas regenerator is now being employed in the zinc-works on the

Continent, and in some cases the lower portion of the furnace

is filled with Silesian muffles, whilst in the upper part of the

furnace the Belgian method is employed.

151 Commercial zinc is seldom perfectly pure. It almost
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always contains small quantities of lead, iron, and carbon. Not

unfrequently silver, cadmium, and small traces of arsenic, anti-

mony, and other metals are met with. The chemical purity of

zinc may be readily ascertained by the fact that, when pure, it

is scarcely attacked by dilute sulphuric acid, whereas common

FIG. 78.

impure zinc dissolves readily under the same circumstances.

If, however, a few drops of chloride of platinum be added to

the acid liquid in which the pure zinc is placed, a rapid evolu-

tion of hydrogen begins, inasmuch as the platinum is deposited

upon the zinc, and a galvanic current is thus established.

Properties. Zinc has a bluish-white colour, melts at a tem-

perature of 433 ^Person), and boils at 940 (F. Meier and Crafts).

The specific gravity of zinc vapour is 2'36, so that its molecular

and atomic weights are identical. 1 If zinc be heated to its

melting-point, but not to a higher temperature, poured out

upon a non-conducting surface, and the molten metal then

poured off from the portion which has solidified, the metal

may be obtained in the crystalline form, consisting of hexa-

gonal prisms and pyramids. Commercial zinc has a coarsely

laminar texture. It is moderately hard, difficult to file, and

when bent after fusion it emits a crackling noise, not so loud

as that emitted by tin. Zinc exhibits the greatest degree
of ductility and malleability at temperatures between 100 and

150, at which temperatures it may be drawn out into wire and

rolled into plate.
1 On the other hand, it is so brittle at 205 that

it may be powdered in a mortar. The specific gravity of zinc is

6'9. It is largely employed in the form of sheets, for a variety of

technical purposes, and also much used in the manufacture of

brass, an alloy of the metal with copper. Zinc is also used for

desilverizing lead, for galvanizing iron, for electrical batteries,

and for a great number of other purposes. Metallic zinc in the

form of fine dust is obtained in considerable quantity in the

1 V. Meyer, Ber. Dcutsch. Chcm. Gc*. xix. 3295.
'

Hobscn -nd Sylvestra, Gilbert's Ann. xxiv. 104.
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manufacture of the metal, mixed with a certain amount of

oxide of zinc. This mixture, called zinc dust, is a valuable

reducing agent, often used for this purpose in organic

chemistry, and also on a large scale for the reduction of indigo

blue : it is likewise employed as a paint for iron articles. In

FIG. 79.

FIG. 80.

order to free the powder from oxide of zinc, it is - only neces-

sary to allow it to remain for some time in contact with very

dilute hydrochloric acid. The residue is first washed with

water and then with pure alcohol, after which it is dried and

preserved.
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ZINC AND OXYGEN.

152 Zinc Oxide, ZnO. This compound occurs as the mineral

zincite or red zinc ore, which consists of a mixture of zinc

oxide with 07 to 12 p.c. of red oxide of manganese. It occurs,

especially in New Jersey, in red or orange-yellow hexagonal

crystals or in a granular mass. Zinc oxide is also occasionally

found in the crystalline state in brass- melting furnaces, as well

as in the zinc furnaces. It has already been mentioned that

the finely divided oxide was known to the ancients as tutia,

pornpholyx or flowers of zinc, and Dioscorides states that if

too much cadmia be employed in the manufacture of brass,

pcmpholyx is formed like tufts of wool,
1 whence the name

Lana philosophica was given to this substance by the alche-

mists. The similarity between the oxide of zinc obtained by
combustion and flakes of snow led the alchemists to term

it nix alba ; this was translated into German as " weisses

Nichts," and retranslated into latin as
" nihilum album."

Zinc oxide is known in commerce as zinc-white, and is

prepared on the large scale and used as a paint. It is obtained

by the distillation of zinc in earthenware retorts, the burning

vapours of the zinc being brought into chambers tbrough which

a current of air is passed and the oxide allowed to deposit in

a second chamber. The preparation of zinc-white directly from

the ore has lately been carried on at Liege.
2

The combustion of zinc can be shown by holding thin zinc

turnings in the flame of a lamp, or better still, by placing zinc

in a white-hot crucible, and exposing the surface to the air or

stirring it with an iron rod, when the metal burns with a bright

white flame.

Zinc oxide is prepared for pharmaceutical purposes by pre-

cipitating a solution of zinc sulphate with sodium carbonate

and igniting the basic carbonate thus thrown down. As the

commercial zinc sulphate frequently contains epsom salt

(magnesium sulphate) as an impurity, it is best, in order to

obtain the pure compound, to dissolve zinc in dilute sulphuric

acid, and then either to treat the solution with sulphuretted

hydrogen, or to allow the solution to remain for some time in

1
irofj.<(>6\v pi<av roKviriis eujjoaotovrai.

8 See Hofmann's Ber. Entw. Chcm. 2nd. i. 919.
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contact with metallic zinc, in order to precipitate the cadmium,

copper, arsenic, and other metals. To the filtrate a small

quantity of an alkaline solution of sodium hypochlorite is added,

in order to throw down the iron, manganese, &c.
;
then the solu-

tion is filtered, and poured in a thin stream into a boiling
solution of pure sodium carbonate. The precipitate is washed

with boiling water, and, after drying, it is gently ignited in a

glass flask or platinum basin.

Zinc oxide has a specific gravity of 5'6
;
when hot it possesses

a lemon-yellow colour, but on cooling it becomes white. When
heated in the oxy-hydrogen flame it emits a brilliant white

light. After being thus heated, it phosphoresces for some time

in the dark.

Zinc Hydroxide, Zn(OH)2 ,
is obtained as a white powder,

when caustic potash or soda is added to a solution of zinc salt.

It is very soluble in an excess of the reagent, and it is upon
this fact that the reaction of zinc dissolving in alkalis with

evolution of hydrogen depends.
1 This reaction takes place

especially quickly in presence of metallic iron. If metallic

zinc be allowed to remain under the surface of a solution of

ammonia in contact with iron or copper, zinc hydroxide crystal-

lizes from the solution in colourless transparent rhombic prisms

(Runge) ;
and if a saturated solution of the hydroxide in

caustic potash be allowed to stand, regular octohedrons of the

compound, Zn(OH) 2 + H
20, are formed (Bodeker.)

SALTS OF ZINC.

153 The salts of zinc are colourless, unless the acid be coloured.

The normal soluble salts redden litmus solution
; they possess

a disagreeable metallic taste, and act as poisons and emetics.

Zinc Chloride, ZnCl
2

. Impure chloride of zinc was first

prepared by Glauber. He describes in his Furnis novi philo-

sophici, published in 1648, an oleum lapidis calaminaris,
" obtained by dissolving calamine in spirit of salt, and heating

the solution, when a thick oleum remains as unctuous as olive-

oil, and mot particularly corrosive, for the spirit of salt has

itself been weakened by corroding the calamine and thus

lost its acrimony. This oil must be well preserved against

the action of the air, otherwise in a few days it attracts so

1 See Vol. I. p. 104.
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much air to it that it becomes a watery liquid." In 1735

Hellot prepared
" butter of zinc," by distilling flowers of zinc

with sal-ammoniac; and Pott, in 1741, obtained the same sub-

stance by distilling zinc with corrosive sublimate. Gallisch, in

1782, noticed that zinc deliquesces when exposed to the action

of dephlogisticated muriatic acid gas (chlorine), and Westrmnb,
in 1790, observed that when finely divided zinc is dropped into

the gas the metal takes fire, This historical sketch serves to

show the methods by which the anhydrous chloride may be

obtained. The. same substance is formed when a mixture of

anhydrous zinc sulphate and calcium chloride is distilled (Persoz).

Zinc chloride is a white or usually greyish-white mass, soft,

like wax, at the ordinary temperature, and melting when heated

a little above 100 (H. Davy), and subliming at a higher

temperature in white needle-shaped crystals. Its vapour

density has been found by V. Meyer to be 4'6. It is very deli-

quescent, is soluble in alcohol, and boils at 730.

A concentrated solution of zinc chloride is best obtained by
dissolving zinc, its oxide, or carbonate, in hydrochloric acid, and

evaporating the solution to the consistency of a syrup. On the

addition of a little concentrated hydrochloric acid to this syrupy

solution, small deliquescent octohedrons separate oat, having the

composition ZnCl2 + H2
0. Zinc chloride is used in surgery as

a caustic, and is employed in the laboratory for the purpose of

separating the elements of water from many organic substances.

Thus, for instance, when it is heated with strong alcohol, ether

is formed:

2C
2
H

6
0=C4H10 + H2

0.

It is also employed on a large scale, as is magnesium chloride,

for weighting cotton goods. When its solution is evaporated,

hydrochloric acid is evolved and basic salts are formed
;
these

may also be obtained by boiling the solution of the chloride

with zinc oxide and adding water, when precipitates are formed

consisting of mixtures of Zn(OH)01 and Zn(OH)2
in varying

proportions. When a solution having a specific gravity of

1'7 is boiled with an excess of oxide, a liquid is formed which

has the property of dissolving silk, and this is used for sepa-

rating silk fibres from those of wool, or of cotton or linen, all of

which dissolve in a solution of normal zinc chloride.

Zinc Bromide* ZnBr,, is formed when bromine vapour 13
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passed over the metal heated to redness. It corresponds closely
to the chloride in its properties, and on heating sublimes in the
form of white needles. It boils at 650.

Zinc Iodide, ZnI
2

. Zinc and iodine readily unite when they
are heated together to form a colourless easily fusible mass,
which sublimes in four-sided needles. An aqueous solution can
be easily obtained by warming metallic zinc and iodine together
with water. On evaporating the solution, the anhydrous com-

pound separates out in the form of regular octohedrons, which
when exposed to the air first absorb water and deliquesce, and
then take up oxygen and liberate iodine.

154 Zinc Sulphate, ZnS0
4

. This salt, long known under the

name of white vitriol, is thus described by Basil Valentine in the

first book of his Last Testament
"
Behold the v (water) of Goslar,

how a fine white and red vitriol is found there." The name
vitriol was applied to all the salts of the common metals pos-

sessing a vitreous lustre,
1 and to this day iron sulphate is

known as green vitriol, and copper sulphate as blue vitriol.

White vitriol was prepared on the large scale at Goslar,

in the Harz, in the sixteenth century. It was obtained by
lixiviating the roasted ore, but its composition remained long
unknown. Thus, in Lemery's Cours de Chymie, published in

1675, we read,
" Le vitriol blanc est le plus depure de substance

metallique." It was, indeed, soon discovered that this salt might
be obtained by dissolving calamine in sulphuric acid, but as

this ore always contains iron, green vitriol was obtained at the

same time. In addition to this, the fact that both green vitriol

and blue vitriol when heated become white through loss of

water of crystallization led to still further confusion between

these compounds. It was not until 1735 that Neumann

suggested that the base of white vitriol consisted of zinc or

calamine, and this view was confirmed by Hellot, inasmuch as

he obtained the salt by dissolving zinc in dilute sulphuric acid,

whilst Brandt showed that brass is obtained from white vitriol

by calcining it and heating it with charcoal and copper.

Zinc sulphate occurs not unfrequently in zinc mines, where

it is formed by the oxidation of blende. It is, however, usually

obtained on the large scale by roasting ores containing sulphide
1 " Atramentum candidnm potissimum stirite fiura reperitur Gosl:m';r.

translucidum cristalli instar ;
nee cseruleum nee viride ciirct iierspicuitnte ; undo

sujiurior retas atramento sutono vitrioli nomen impoauit. AURICULA, De
Natura Fossilium, Lib. III. ed. 1657.
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Fir.. 81.

ooP

FIG. 82.

of zinc, afterwards exhausting with water, and evaporating

the solution to the crystallizing point, when the hydrate

ZuS04 + 7H20, isomorphous with epsoin salt, separates out.

These crystals (Figs. 81 and 82) on heating fuse readily in the

water of crystallization. Commercial zinc vitriol is made to

assume the shape of a sugar-loaf

by stirring this fused mass in

wooden troughs with wooden

shovels till crystallization takes

place, and subsequently pressing

the mass into moulds. Its specific

gravity is T95
;

it effloresces

slowly in the air, and on heating

to 100 loses six molecules of

vater, the last molecule being
evolved only at a moderate red-

heat. The anhydrous salt forms

a friable mass having a specific gravity of 3*4. When heated

more strongly, sulphur dioxide and oxygen are evolved, and a

basic salt remains behind, which is also formed when zinc

sulphate and zinc oxide are boiled together. On cooling the

hot saturated solution, glistening scales separate out having the

formula :

/0-Zn-O Zn\Q 9n Q5 2\0-Zn-0-Zn/ + 2Il2

At a white heat all the zinc sulphates are completely decomposed,

leaving a residue of zinc oxide. When a solution of white vitriol is

evaporated above 50 the hydrate ZuS04 + 6H.,O isomorphous
with the corresponding magnesium salt separates out. Besides

these, several other hydrated and basic zinc sulphates are

known. One hundred parts of water dissolve :

At

ZnS04

o

41-3

20

530
50

66-9

75

80-4.

Zinc sulphate is employed in medicine and in dyeing.

Zinc Nitrate, Zn(N03)2 + 6H2O. This salt crystallizes from

a very concentrated solution of zinc in nitric acid, in striated

colourless pointed four-sided prisms. These are very deliques-

cent, and are soluble in alcohol. When heated for some time

to 100, the salt loses water and nitric acid and a basic nitrate
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remains, which is also formed by boiling the solution with zinc

oxide.

Carbonates of Zinc. Normal Zinc Carbonate, ZnC03 ,
occurs

as zinc-spar or calamine, crystallizing in rhombohedrons,

having a specific gravity of 442. Zinc-spar is found sometimes

in the pure state, but in general, more or less of the zinc is

found to be replaced by magnesium, cadmium, iron, and other

isomorphous metals. When a solution of zinc vitriol is precipi-

tated by an excess of hydrogen potassium carbonate, a white

precipitate of the hydrated normal carbonate is obtained. If, on

the other hand, normal sodium carbonate be employed, hydrated
basic zinc carbonates possessing a variable composition are

thrown down which become more basic the higher the tempera-
ture at which they are precipitated, and as the quantity of water

is increased.

Cyanide of Zinc, Zn(CN) 2 ,
is a snow-white powder used in

medicine, and prepared by precipitating zinc acetate with aqueous

hydrocyanic acid. It is insoluble in water* and in alcohol, but

dissolves in solutions of the cyanides of ammonium or potassium.

155 Zinc Sulphide, ZnS, is found as blende, which crystallizes

in the regular system, frequently in hemihedral forms. Its specific

gravity varies from 3 "5 to 4 -

2. In the pure state it is trans-

parent, and has a light yellow colour ; usually, however, it con-

tains iron and other metals which impart to it a red, brown,

or black tint. The same compound is more rarely found as

wurtzite in hexagonal crystals. When ammonium sulphide is

added to a solution of zinc salt, a white amorphous precipitate of

zipc sulphide is formed
;
this is soluble in dilute acids, with the

exception of acetic acid, with evolution of hydrogen. When this

precipitate is heated in a current of hydrogen, or when zinc oxide

is ignited in an atmosphere of sulphuretted hydrogen, zinc sul-

phide is obtained in crystals which have the form of wurtzite.

Zinc Penta-sufyhide, ZuS
5,

is formed when potassium penta-

sulphide is added to a neutral solution of a zinc salt. It forms

a white precipitate which becomes of a straw-yellow colour on

drying, when ignited in absence of air it is converted into the

monosulphide and sulphur. (Schiff.)

Zincamide or Zinc Diamine, Zn(NH^)2,
is formed by the action

of dry ammonia on zinc ethyl :

Zn(C2
H

5
)
2 + 2NH3

= Zn(NH2) 2 + 2C2
H

6.
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It is a white amorphous powder decomposed by \vater with

evolution of heat :

Zn(NH2)2 + 2H
2

= Zn(OH)2 + 2NH
2

.

Zinc Nitride, Zn3X2 , is formed when zincamide is heated to

dull redness :

3Zn(NH 2) 2
= Zn

3
N

2 +4XH3
.

It is a green powder which is decomposed by water with such

energy that the mass when moistened becomes incandescent :

Zn3
ST

2 + 3H
2
= 3ZnO + 2NH3

.

Zinc Phosphide, Zn
3
P

2,
is obtained as a grey mass by heating

finely divided zinc in the vapour of phosphorus (Schrotter).

When zinc is heated in a current of hydrogen until it begins to

melt, and then phosphorus vapour passed over it, together with

hydrogen, a fused mass, having a bright metallic bismuth-like

lustre, is obtained. Zinc phosphide is employed in medicine.

DETECTION AND ESTIMATION OF ZINC.

156 The salts of zinc do not impart to the non-luminous gas-
flame any tint. The spark-spectrum of zinc is, however, charac-

teristic, and can be well shown by volatilizing a small piece of

the metal in the lower carbon pole of the electric lamp.

Amongst the more prominent zinc lines are 6362 and 6099 in

the red, and 4928, 4924, 4911 in the blue.

The most characteristic compound of zinc is the white

sulphide insoluble in water and in the alkalis. In the ordinary
course of qualitative analysis zinc is thrown down together
with the other metals precipitated by ammonium sulphide,
such as cobalt, nickel, iron, manganese, chromium, and alu-

minium; the first four are precipitated as sulphides, the two

latter as hydroxides. The precipitate, having been well washed,
is dissolved in dilute hydrochloric acid, and free sulphuretted

hydrogen destroyed by heating with a little potassium chlorate.

An excess of pure caustic soda is then added, and this throws down
the first four metals, whilst the hydroxides of zinc, chromium,
ani aluminium remain in solution. In presence of chromium
the solution possesses a green colour, and, on boiling, the hydr-
oxide is completely precipitated, and the filtrate which is now
colourless can be tested for zinc by passing a current of sulphu-

retted hydrogen through the liquid after slight acidification
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acetic acid. When a zinc compound is ignited on

charcoal before the blowpipe and the heated mass moistened

M ith a solution of nitrate of cobalt and again ignited, a

beautiful green mass, known as Binnman's green, is obtained.

Zinc compounds heated in the blowpipe flame on charcoal with

carbonate of sodium yield an incrustation of zinc oxide, which

when hot is yellow, but on cooling becomes white.

Small traces of zinc can be readily and accurately detected

by Bunsen's method of flame-reactions. This depends upon the

fact that the more volatile metals, such as zinc, mercury, and

arsenic, are reduced from their compounds when these are

heated on a thread of asbestos held in the upper reducing-
flame of the Bunsen burner. If a small porcelain basin, filled

with cold water, be held just above the substance to be exa-

mined, the volatilized metal condenses on the outside of the cold

basin as a metallic film, and in a few seconds the reaction is

complete. A square centimeter of filter-paper is now moistened

with nitric acid, and this rubbed over the surface of the basin

co as to dissolve the oxide film
;
the paper is now rolled up and

placed in a coil of thin platinum wire, and burned in the upper

cxidizing-fla.'ne at as low a temperature as possible, when the

colour of the ash is seen to be yellow when hot, but white on

cooling. The ash is next moistened with a drop of a dilute cobalt

solution, and heated in the flame, when the mass attains a greeu

colour.

For the quantatitive determination of zinc, the solution is

precipitated with a boiling solution of sodium carbonate, the

basic carbonate washed and dried and converted by ignition

into zinc oxide, which is then weighed.

The atomic weight of z^nc has been most accurately deter-

mined by Erdmann,
1

by oxidising pure zinc and weighing
the oxide obtained. Marignac- has obtained a somewhat higher

number, viz., 65'1.

CADMIUM. Cd = 111-9. Vapour Density = 55-9.

157 This metal was discovered in the year 1817 by Stromeyer.
He observed that a sample of zinc carbonate obtained from the

zinc-works at Salzgitter yielded an oxide which, although it

did not contain any iron, possessed a yellow colour, and he

found that this was due to the presence of the oxide of a

1 Ann. Chcm. Pharm. L 435. * Ann. Chim. Phys. [8]. L 289337.
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new metal, which he soon afterwards detected in other samples
of the oxide of zinc, as well as in metallic zinc itself. Whilst

Stromeyer was engaged on these experiments, Hermann, in

Schonebeck, also discovered the new metal in a sample of zinc

oxide which was employed for pharmaceutical purposes, and

which had been confiscated in Magdeburg, inasmuch as the

acid solution yielded a yellow precipitate with sulphuretted

hydrogen, which was supposed to be caused by the presence of

arsenic. Hermann showed that this supposition was not correct,

and ascertained that a new metal was present. Soon afterwards

Meissner and Karsten also observed the existence of the same

substance. In 1818 Stromeyer published a complete investi-

gation of the metal, giving to it the name which it now bears,

from cadmia fornacum, because the metal was chiefly found in

the zinc flowers of the zinc furnaces.

Cadmium not only occurs mixed with zinc ores, but likewise

as a sulphide in the mineral greenockite, a somewhat rare

substance found at Bishopstown and Kilpatrick in Scotland, as

well as in Bohemia and Pennsylvania. The quantity of

cadmium contained in the various samples of calamine and

blende varies considerably. The fibrous blende found at Przi-

bram in Bohemia contains 2 to 3 per cent., whilst the calamine

of Wiesloch contains T6 per cent., and that of Eaton in North

America 3 per cent, of cadmium.

In the process of zinc-smelting the more volatile vapour of

cadmium conies off with the first portions of the zinc, and

these vapours burn in the air with formation of the oxides of

cadmium and zinc. The powder thus deposited is then mixed
with coal and the mixture heated in iron tubes, when the cadmium
distils over first. In order to purify it, the metal is redistilled,

and the second product dissolved in hydrochloric acid, from

which solution the cadmium is precipitated by metallic zinc.

Cadmium possesses a tin-white colour and a fibrous fracture,

and takes a high polish. It can be easily crystallized in regular

octohedrons by sublimation in a current of hydrogen (Ka'm-

merer).. It is somewhat harder than tin, but may be cut

with a knife. It can be easily rolled out to foil and drawn

into wire. When bent, it emits a crackling sound, as tin

does when similarly treated. The specific gravity of the cast

metal is 8 546, but after hammering it attains a specific gravity
of 8-667 (Schroder). It melts at 320 and boils at 763 772

(Oarnelley and Williams). Its vapour has a dark yellow colour
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and a disagreeable smell, producing headache when inhaled.

The density of cadmium vapour as determined by experiments
at 940 by Deville and Troost is 3-94. 1

The yellow sulphide is employed as a pigment ;
an amalgam

of cadmium was formerly used as stopping for teeth, but is no

longer employed, as it turns medentine yellow.
Cadmium Oxide, CdO. This substance forms the brown blaze

of the zinc smelters. The metal cadmium burns with a bright
flame when heated in the air, forming a brown oxide, which

may also be obtained by passing a mixture of steam and cad-

mium vapour through a red-hot tube. When the metal is heated

to whiteness in a current of oxygen, the oxide sublimes in dark

red, probably cubic, crystals, and may be obtained in the form of a

dark blue-black powder, consisting of microscopic octohedrons, by
igniting the nitrate. Cadmium oxide possesses a specific gravity
of 6*5

;
it does not melt at a white-heat, but is easily reduced

at a moderate red-heat on charcoal before the blowpipe ;
the

metal, however, volatilizes and burns, and the oxide is deposited

as a brown incrustation on the charcoal.

Cadmium Hydroxide, Cd(OH)8, is obtained as a white pre-

cipitate on the addition of a soluble salt of cadmium to caustic

potash. The hydroxide absorbs carbon dioxide from the air, and

at 300 it is resolved into the oxide and water.

SALTS OF CADMIUM.

158 Cadmium salts are usually colourless. The soluble salts

possess a disagreeable metallic taste, ainl act as emetics.

Cadmium Chloride, CdCl^ This salt is obtained by evaporat-

ing a solution of the metal or oxide in hydrochloric acid. The

hydrated chloride, CdCl2+2H20, is deposited in the form of

rectangular prisms which readily effloresce on exposure to the

air, and on heating lose water and melt at a temperature below

a red-heat. The transparent pearly mass of the anhydrous
chloride sublimes at a higher temperature in transparent
micaceous laminae. Its specific gravity is 3'265. One hundred

parts of water dissolve (Kremers) :

At 2CP 49' 60 80 l&O*

UU-8 138-9 138-9 142-9 142'9

J
Comptes Rcndvs, xlix. 239.
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Cadmium Iodide, CdI2,
is obtained by dissolving the metal

in hydriodic acid, or by digesting it with iodine and water. It

crystallizes in large transparent six-sided tables, which do not

undergo alteration on exposure to the air. It melts easily,

solidifying again to a crystalline mass, but gives off iodine when

heated to a higher temperature. It dissolves readily in water

and alcohol. Its specific gravity is 4'576. One hundred parts

of water dissolve :

At 20 60 100

CdI
2

92-6 107-5 133'3.

Iodide of cadmium is used in photography, it being one of the

few iodides soluble in alcohol.

Cadmium Sulphate, CdS04
. A concentrated solution of

sulphate of cadmium when allowed to evaporate spontaneously

deposits large monoclinic hydrated crystals, having the com-

position 3CdS04 + 8H
2
0. A boiling saturated solution of the

normal salt to which strong sulphuric acid has been added

deposits indistinct crystals of CdS0
4 + H2

0. The normal salt

when heated yields a basic compound, S0
2

- diffi--

QQ^ OH)

cultly soluble in water, and crystallizing in pearly scales.

One hundred parts of water at 23 dissolve 59 parts of the

anhydrous normal salt, and at the boiling point a somewhat larger

quantity. Crystallized cadmium sulphate is used in diseases of

the eye.

Cadmium Nitrate, Cd(X03) 2 + 4H
20, crystallizes in fibrous

needles, which deliquesce in the air, and are soluble in alcohol.

Cadmium Carbonates. The normal salt is not known. The
white precipitate obtained by addition of the carbonate of an

alkali to a soluble cadmium salt possesses a varying composition,

according to the temperature at which the precipitation takes

place and the amount of precipitant employed. With an excess

of potassium carbonate in the cold the precipitate nearly

possesses the composition of the normal salt.

Cadmium Sulphide, CdS. Cadmium sulphide occurs in

yellow -hexagonal glittering crystals as greenockite. It is

obtained as a fine yellow precipitate when a cadmium salt

is precipitated with sulphuretted hydrogen. It melts at a
white heat, and forms on cooling a lemon-yellow micaceous

mass, having a specific gravity of 4'86. It is soluble in strong

hydrochloric and nitric acids, and in boiling dilute sulphuric
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acid. When a cadmium salt is precipitated with potassium

pentasulphide a yellow precipitate of cadmium pentasunhide
CdS6

is obtained.

DETECTION AND ESTIMATION OF CADMIUM.

159 Cadmium salts do not impart to the non-luminous gas-
flame any tint. The cadmium spectrum is well seen when the

metal is volatilized in the electric arc
;
the most prominent lines

being 6438 in the red, 5378 and 5338 in the green, and 5085,

4800 and 4677 in the blue.

The yellow sulphide of cadmium is the most characteristic

compound of the metal. This is insoluble in dilute acids in the

cold, and hence may be easily distinguished from zinc as well

as from the other metals already described. Cadmium sulphide
can easily be distinguished from other yellow sulphides, such as

those of tin, antimony, and arsenic by its insolubility in am-

monium sulphide and in the caustic alkalis. The method of

separating cadmium from the other metals precipitated by

sulphuretted hydrogen will be discussed under these several

metals. It may suffice here to remark that cadmium hydroxide,
like the corresponding copper compound, is soluble in ammonia,
and that these two metals are frequently obtained together in the

process of analysis. In order to separate these, two methods

may be employed. In the first place potassium cyanide may
be added to the blue anmioniacal solution until this becomes

colourless, and then sulphuretted hydrogen is led through tlie

solution, when the cadmium- sulphide is completely pre-

cipitated. Or, in the second place, the metals may be both

precipitated as sulphides, and the washed precipitate boiled

with a mixture of 5 parts of water and 1 part of concentrated

sulphuric acid when the cadmium sulphide is dissolved out.

The quantitative determination of cadmium is usually made

by precipitating the carbonate from the boiling solution with

carbonate of soda
;
this is then dried and on ignition converted

into the oxide which is weighed. Cadmium may also be deter-

mined as the sulphide which is dried at 100 and then weighed.

The atomic weight of cadmium has been determined by
von Hauer, by converting the sulphate into sulphide in a

current of heated and pure sulphuretted hydrogen,
7 and more

recently by Huntington,
2 who obtained the number 111 "9 (Br.

=
7975) from a series of analyses of the bromide.

1 Wicu. Acad. Lcr. xxv. 118. Ler. Dculsch. Chcm. Gcs. xv. 80.
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METALS OF THE LEAD GROUP.

Lead. Thallium.

160 The metals of this group are soft, and possess a high

specific gravity, and their basic oxides have an alkaline re-

action. In many of its properties thallium closely resembles

the alkali-metals, whilst lead, in many respects, is analogous to

the metals of the alkaline earths. They are, however, dis-

tinguished from both of these groups, by their sulphides being
black and insoluble in water, and also by the sparingly soluble

character of their chlorides.

LEAD.

Pb (Plumbum) = 206-4.

The first mention of lead occurs in the well-known passage in

the Book of Job, and it is also mentioned in the Book of

Numbers as a portion of the spoil taken from the Midianites.

It is found under the name of 6phe"ret, derived from the word

aphar, signifying to have a grey appearance. In the oldest

Greek translations of the Old Testament the word ./z,6A.t/309

occurs and this as well as the word n6\vj3Sos undoubtedly refers

to lead. It appears, however, that no exact distinction was
drawn between the metals lead and tin during the time of the

Israelites. But we find that Pliny points out a distinction

between these two metals, inasmuch as he gave the name
of plumbum nigrum to lead, whilst tin was designated as

plumbum candidum. For further information on this point the

chapter on tin must be consulted.

It has already been stated (Vol. I., p. 87) that the seven metals
known to the ancients were supposed to be in some way
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connected with tho seven heavenly bodies which were then

known to belong to our solar system. Dull, heavy lend was ap-

portioned to Saturn
;

and this metal is designated in the

writings of the alchemists by the sign h.

Lead is seldom found in the free state in nature. Native lead

does, however, occur in small quantities in certain lead ores, and

in volcanic tufa. The oxides of lead are found in the form of rare

minerals, the yellow oxide PbO, and the red oxide or red lead,

Pb^04
. The commonest ore of lead is galena or lead sulphide,

PbS
;

this is very widely distributed, generally occurring

together with quartz, calc-spar, fluor-spar, and heavy-spar in the

older as well as in the more recent strata and in almost eveiy

part of the world. Thus in Cornwall it occurs in veins in

the coarse argillaceous schist, provincially termed killas
;

in

Derbyshire, Cumberland, Northumberland, and Yorkshire, it

is found in mountain limestone
;
in Cardiganshire and Mont-

gomeryshire it occurs in the Lower Silurian; and the chief

deposits in the United States likewise occur in this same

formation. Again, at Sala in Sweden, it is found in granular

limestone, and in Freiberg in a schistose gneiss, older than

the carboniferous system. Sulphide of lead also occurs in

combination with the sulphides of antimony and copper in

the minerals zinckenite, PbSb
2S4 ,

and bournonite, CuPbSbS3.

In addition to these ores, lead carbonate occurs as the mineral

cerussite, PbC03 . found in some localities, as in the neighbour-
hood of Aix-la-Cliapelle, and of Santander in Spain, in sufficient

quantity to be worked. It is also found in the lead mines of

Cornwall and Devonshire, in Yorkshire, at Leadhills in

Scotland, and at Seven Churches in County Wicklow. Other

naturally occurring compounds of lead are the basic chloride

occurring as the minerals matlockite, Pb2CLO, and mendipite,
Pb3Cl 20.2 ;

and sulphate of lead or anglesite, PbS04 , found

associnttd with galena and carbonate of lead at Leadhills

in Scotland and in other localities. Agaiu we have a basic

sulphate called lanarkite, PbO + PbS0
4 ; leadhillite, PbS0

4 +
3PbCO3 ; phosgenite, PbCl2 -I- PbCO3 ;

stolzite or lead tung-

state, PbWO4 ;
wulfenite or lead molybdate, PbMoO4 ;

crocoisite

or lead chromate, PbCi04 ; pyromorphite or lead phosphato-

chloiide, 3Pb.jP 3 + PbCl
2 ;

mimetesite or lead chloro-arsenate,

3Pb
sAs..O3 + PbUl, ; as well as compounds of lead with the

rarer elements such as selenium, tellurium, selehic acid, vanadic

acid, &c.
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By far the greater proportion of the total lead brought into

the markets of the world, amounting annually to about 300,OUO

tons, is obtained from galena.

161 Smelting of Lead. Lead is an easily reducible metal requir-

ing but simple processes for its production. Lead was produced

in England during the Roman occupation in a variety of lo 'ali-

ties. Numerous pigs of Koman lead have been found bear-

ing Latin inscriptions. Whether lead was reduced in England
before this period appears doubtful

;
the remains of rude

furnaces in which lead ore was smelted in early times are,

however, found in Derbyshire and elsewhere, and are termed lolcs

by the inhabitants. In these furnaces the heat was not urged

by an artificial blast of air, but piles of stone were built oa

the western brow of some eminenc3 so as thus to employ the

natural currents of air on mountainous places. A mixture

of ore and charcoal was introduced into the interior of these

furnaces, and after the operation the lead ran out at the bottom.

The form of furnace next employed was the ore-hearth, a small

rectangular blast furnace blown by bellows worked by means of a
'

water-wheel. 1 This furnace is still in use and will be hereafter

described. Other and larger blast-fumacas are in use in various

lead-smelting districts.

About the middle of the eighteenth century lead smelting
in reverberatory furnaces appears to have been introduced into

England from Flintshire, where it was in use in the year 1693.

Three distinct processes are employed for lead smelting. The
first of these, known as the air reduction process (Percy), is em-

ployed when the ore consists mainly of galena, and is free from

silica and the sulphides of other metals. The second, or carbon

reduction process, is employed for less pure ores, and consists in the

roasting of the ore and the subsequent reduction of the lead by
carbonaceous matter. The third process is known as the precipi-
tation process, the reduction of the lead being effected by metallic

iron, and this is chiefly practised in France and Germany, where
the ore contains other metals, such as copper, antimony, and
arsenic.

It is, however, to be remembered that two or even all three of

the above processes are often worked in the same furnace with

the same charge of ore.

1 See H. L. Pattinson,
"
Description of Lead Smelting in the "North of Eng-

land.
"

Trannactifma of the Natural History Society of Northumberland, Durham,
and Newcastlc-on-Tyne, vol. ii. part i.
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Lead smelting according to an}
7 one of these processes is con-

ducted in three kinds of apparatus, viz.,"(l) reverberatory

furnaces, (2) blast furnaces, (3) shallow hearths.

In the air reduction process the galena is roasted in a rever-

beratory furnace until a portion of the sulphide is converted

into oxide and sulphate ;
the temperature is then raised when

the following double decompositions take place :

2PbO + PbS = 3Pb + S02

Pb304 + PbS = 2Pb + 2SO
2

.

The reverberatory furnaces used for the English process of

lead smelting are of two kinds, the Flintshire furnace and the

flowing furnace. The difference between these is that in the

first the slag is raked out in pasty lumps, whereas in the flowing

furnace the slag is tapped out in the molten state and termed

FIG. PS.

run-slag. The reaction which takes place in reduction is identical

in both cases.

Fig 83 shows the construction of the Flintshire furnace.

The usual charge of ore is 20 cwt. This is introduced by
means of a hopper (T) in the arch of the furnace. The hearth

of the furnace (B) is hollowed out as shown in the figure to

permit the lead to flow through a tapping hole, into an iron

pot placed in front of the furnace. The charge is evenly

spread over the surface and gently heated for two hours, the

ore being well rabbled at intervals, and the temperature being

carefully regulated by opening or closing the various doors, so
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as to maintain the mass as hot as is possible without causing
it to clot together. During this process a portion of the sul-

phide is oxidised to oxide and sulphate, and thus the mass

prepared for the following stage of the operation. The second

reaction, in which the reduction of the lead takes place, is

brought about by increasing the temperature of the roasted

ore
;

the lead is reduced as shown in the above equations,

and flows down to the tap-hole and is drawn off at the

end of the process. The undecomposed sulphide remains

Fro. 84.

behind and this is oxidised by a second firing ;
the tempera-

ture is then again raised when the double decomposition is

repeated, and thus the alternate processes of roasting and

smelting are carried on as long as any lead can be extracted.
Before the temperature is raised in each case a shovelful
of lime is thrown in through the door to stiffen the fused mass.
After tapping the metal the grey slag is withdrawn at the
back of the furnace.

A similar method is adopted at Bleiberg in Carinthia for

working the calcareous galena, a different form of furnace being,
however, employed. This furnace is very much smaller than
either of the English lead furnaces and only 300 Ibs. of ore are
worked at once, the object being to conduct the work with
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accuracy and precision, the small quantity worked upon placing
the calcination process better under command. As soon as the

charge is placed on the floor of the furnace it is heated to dull

redness, and the roasting is completed in from three to four

hours. This constitutes the first stage of the process, in which

the sulphide is partially converted into oxide and sulphate
of lead. As in the English process, the temperature is now
raied and the double decomposition between the oxidised

products and the undecomposed sulphide, which has already
been described, takes place. The reduction ot the lead ap-

pears to go on in this process at a lower temperature than

in the working of the English process, and the virgin lead

(JuvgfcrnUei) thus obtained is believed to be purer than the

lead obtained in the Flintshire furnace. This is especially the

case in Bleiberg, as well as in certain Belgian works, where

considerable impurities are contained in the lead ore. The

impurities remain behind in the slag whilst the lead is run

off in the pure state.

In Scotland and the north of England, where a very

pure ore is worked, lead smelting is conducted in shallow hearths

or Scotch furnaces shown in Fig. 84. The hearth (A) is first

filled with peat which is then ignited, and ore added from time

to time in quantities of about a dozen pounds weight, the

temperature being kept up by a blast of air sent in at the back

of the furnace. The reduced lead sinks clown to the bottom and

flows out along the channel in the work-stone (C) into the heated

pot (D). A considerable amount of lead is volatilised as fume

in this process: this passes through the flue (B) to long col-

lecting chambers in which it is deposited. The lead thus

obtained is said to be purer than that prepared in the

Flintshire furnace, but the cost of smelting in this ore-hearth is

greater than when the Welsh method is used.

For the reduction of impure ores or for the working up of

slags from the other processes a slag-heartli or a small blast-

furnace (Fig. 85) is used, of about O5 metre in height, con-

taining a square space (C), the sides of which are built of iron

plates. The blast of air enters by the tuyere (T), and the

reduced metal runs through a hole in the plate into the vessel

(M). The hearth is filled with fuel and the ore thrown on to

the top of the fuel. The ore is at first converted into a mixture

of sulphate and oxide, and these undergo mutual decompo-
sition with evolution

1

of sulphur dioxide as they descend to the
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lower portion of the hearth, where the temperature is higher.

A somewhat similar treatment of washed lead ores by metallic

iron in blast furnaces is adopted at Pongibaut, in Puy-de-D6me,

and of siliceous ores at Coueron.

162 SmeUing of Lead Ores with Metallic Iron. The process by

double decomposition is certainly the simplest method of lead

smelting. It can, however, be only employed in case of ores

which do not contain the sulphides of other metals. For

ores such as those which occur in the Harz, where the galena

is mixed with iron pyrites, cop-

per pyrites, zinc blende, f'ahl-

ore, bournonite, and zinckenite,

the third or precipitation pro-

f cess has to be adopted, and is

carried on in the so-cnllecl

schlieg furnace. In this process

cast-iron is used as the reducing

agent, less being added than

would suffice according to

theory for the complete re-

-Fio. 85. duction of the galena in the

ore. At the present time in

place of cast-iron a rich iron slag is used for the same purpose.

The materials to be smelted together are brought successively

layer upon layer into a blast furnace having one or more

tuyeres. In this process a portion of the lead is reduced by the

metallic iron, a considerable residue, however remaining behind,

in the form of sulphide, together with the sulphides of iron and

the other metals which are contained in the ore. To this the

name of schlieg-slag or lead regulus is given, and this material

is then worked up again by processes varying according to the

nature of the metals which have to be extracted. Thus, for

instance, if the lead slag contains much copper it is roasted

and smelted, and these operations repeated until it becomes

so rich in copper that it can be worked by the ordinary copper

smelting processes.

Softening of Lead. The metal produced in some of the fore-

going processes is hard, owing to its containingantimonyand other

metals. These are removed and the lead rendered soft by

melting and partially oxidising the metal in a reverberatory
furnace with a cast-iron bottom.

163 D&siherisation.--Ordinary lead obtained by any of the
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above-mentioned processes always contains silver, and a very
considerable proportion of the silver which now comes into

the market is obtained from argentiferous galena. In former

times the only process by which this silver could be extracted

was by the process of cupellation, by which the whole of the lead

is oxidised, whilst metallic silver remains behind. The oxide has

then to be reduced again in a reverberatory furnace to metallic

lead. It is, however, generally admitted that the process of cupel-
lation cannot be economically carried on in the case of lead

which contains less than 8 oz. of silver to the ton, and conse-

quently, as very large quantities of lead are brought into the

market containing smaller percentages than this, the whole of

this amount of silver was lost until Mr. Hugh Lee Pattinson,

in the year 1833 obtained a patent for an improved method of

separating silver from lead, which has come into general use,

and by which large quantities of silver are now extracted from

lead.

This method depends upon the fact that if lead containing
a small quantity of silver be melted, and the melted mass

allowed to 'cool, a point is reached at which pure lead begins
to crystallise out. If the crystals of lead which are thus

formed be then withdrawn from the remainder of the metal,

and this process continued until the greater part of the

lead has been separated, it is found that the liquid which

remains contains most of the silver. In order to render

this process economical the lead requires to be repeatedly

crystallised in a series of iron pots, the lead rich in silver

gradually accumulating towards one end of the series, whilst the

desilverised or market lead is obtained at the other end.

The melted lead is first thoroughly skimmed, then the fire is

withdrawn and the lead allowed to cool care being taken to

break off and mix with the liquid mass any portion that

may solidify on the sides of the pot. When the temperature

reaches a certain point, small crystals of lead begin to form, and

at this point the whole mass of metal is continually stirred with an

iron rod, whereby the crystals sink to the bottom of the pot and

accumulate in considerable quantity. A perforated ladle is now

introduced by means of which the crystals are removed. The

operation is thus carried on in successive stages until two-thirds

or even three-fourths of the original lead is removed from the pot.

By this means in an actual working 846 cwt. of original lead

was separated into 36 cwt. of rich lead containing 160 to 170
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ounces of silver per ton, and 810 cwt. of poor lead containing

7 to 10 dwt. of silver per ton. The silver is then extracted from

the rich lead by the process of cupellation. (For a description

of this process see Silver.)

Another process for desilverising lead is known as Parkes's or

Karsten's zinc process. It has already been mentioned in the

chapter on alloys that molten lead and zinc do not mix in all

proportions, lead being capable of taking up only 1
P6 per cent, of

zinc whilst zinc takes up only 1 "2 per cent, of lead. Karsten, in

1842, concluded from experiments which he made on the sub-

ject that lead gives up all the silver which it contains if melted

with zinc, but he did not apply this conclusion to practical

metallurgy. In the year 1850, Alexander Parkes, of Birming-

ham, patented a process for extracting silver from lead by the

above-mentioned reaction. For a ton of lead containing 14 oz.

of silver, 22'4 Ibs. of zinc is needed
;

if containing 21 oz.,

33'6 Ibs. of zinc is added, and if containing 28 oz. of silver,

448 Ibs. of zinc is required. The alloy of zinc and silver

rises to the surface during cooling, and when it solidifies it is

withdrawn by means of a perforated ladle. In order to remove

the small quantity of zinc which is dissolved in the pure

lead, the mixture is heated to dull redness in a current of

air, the zinc thereby being oxidised, whilst the main portion

of the lead remains behind in the marketable state. Silver

is separated from the alloy of zinc either by distilling off

the zinc or by dissolving the zinc in acid. A second process

employed for the dezincification of the desilverised lead is that

patented by Cordurie' in Toulouse in 1866. It depends upon the

fact that when superheated steam is passed into the molten

alloy of lead and zinc, the zinc is oxidised together with a

small portion of the lead, the oxides being carried away into

chambers where they are condensed, whilst the desilverised

lead remains behind in the pure state.

Gold and copper, which sometimes occur in market lead, can
be separated from it in the same way, inasmuch as these metals

alloy with zinc even more readily than silver does, and this

process has been satisfactorily carried out in England by Mr.
Baker. A similar method is employed in the Harz

;
the lead

is there -melted with 0'16 per cent, of zinc, and the alloy is

obtained as a scum on the surface, having the composition
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Lead .

Zinc .

Copper
Silver

100-003

On a second addition an alloy having the following com-

position is obtained

Lead 91-05

Zinc ..... 5-21

Copper .... 3*50

Silver 0-238

99-998

Market lead almost always contains traces of antimony,

copper, and iron, and occasionally of zinc, nickel, and bismuth,

whilst the silver which it contains varies from one part in

40,000 to one part in 200,000, but since the introduction of the

method of desilverising by zinc, and purification by steam the

purity of the commercial lead has very much increased. An
analysis by Hampe of a refined lead from the Harz, gave the

following results :

Antimony 0-0057 per cent.

Copper 0-0014

Iron 0-0023

Zinc 0-0008

Nickel 0-0007

Bismuth 0-0055

showing a total impurity of only 0'0164 per cent.

164 Cliemically pure lead is prepared according to Stas 2 as

follows : A solution of acetate of lead is heated in a leaden vessel

in contact with thin sheet lead to a temperature of from 40 to

50 in order to precipitate silver and copper. The filtrate is then

poured into pure, very dilute sulphuric acid, and the lead sulphate

which is formed, carefully washed with a solution of carbonate

of ammonia, and ammonia, lead carbonate being in this way
formed. A portion of this is then converted into lead oxide

1
Pnmmc'lshprg, Her. Entw. Chcm. Ind. 935.

2 Bull. Acad. Rot). f/g. x. 'J94.
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by carefully heating in a platinum basin, whilst to the remaining

portion pure dilute nitric acid is added in such quantity that

a portion of the carbonate remains undissolved. The oxide of

lead is then added to the boiling solution of the nitrate in order

to precipitate traces of iron, and the filtered solution is poured
into a solution of pure carbonate of ammonia. The precipitated

lead carbonate is then reduced by means of potassium cyanide,

and the metal thus formed, fused a second time with the cyanide,

when it assumes in the molten state a convex surface like

mercury.
Lead can easily be obtained in the form of regular octohe-

drons by melting and allowing the molten metal partially to

solidify, and pouring off the portion which is still liquid. If a

piece of zinc be hung up in a solution of sugar of lead, lead

separates out in bright shining arborescent forms, known as the

lead tree. The deposition of lead in the form of crystals may be

readily shown on the screen by means of a galvanic current.

Lead has a specific gravity of 11 '254, or after it has been poured
into water of 11'363. On hammering it cracks and becomes

lighter, but if it be pressed it attains a specific gravity of 11 '388.

It is soft and tough. It may be cut with a knife, and leaves a

streak upon paper. It can easily be rolled out to thin foil, but

it cannot be drawn out into fine wire. "When melted repeatedly
it becomes hard and brittle, which is probably due to the for-

mation of a small quantity of oxide. On the large scale this

oxide maybe removed by poling or stirring the molten mass up
with a pole of green wood. The presence of antimony, zinc,

bismuth, arsenic, and silver increases the brittleness of lead.

Lead belongs to the class of white metals, though it has a

decidedly bluish grey tint indicated by the expression lead-grey.
A freshly cut surface possesses a bright lustre, which, however,
soon becomes dull from superficial oxidation. By the elec-

trolysis of lead nitrate, Wohler obtained a deposit on the

negative pole of crystallised leaflets of lead possessing a red
colour like that of copper. These did not dissolve in dilute

acids whilst they were soluble in hot nitric acid, and on dis-

solving, the colour resembled that of copper to the last moment. 1

Lead melts at 334 (Person), and begins to volatilise at a bright
red heat, boiling rapidly before the oxyhydrogen blowpipe. It

cannot, however, be distilled in closed vessels like zinc, although
when zinc is extracted from ores containing lead, the vapour of

1 A nn. Chem Pkarm, Suppl. Band ii. 135.
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zinc is mixed with vapour of lead, and a considerable portion of

the loss experienced in the ordinary processes of lead smelting
is due to this cause.

Metallic lead is largely employed in the arts for a great

variety of purposes on account of its softness and pliability, its

low melting point, the difficulty with which it undergoes oxi-

dation, and the fact that it withstands the action of water and of

many acids better than most of the common metals.

LEAD AND OXYGEN.

165 Lead Suboxide, Pb20, is formed when lead oxalate is heated

in an atmosphere free from oxygen to a temperature below 300

(Dulong) :

2PbC
2 4

= Pb
2 -f CO + 3C0

3

It is a black, velvety powder, which when heated in absence ot

air is decomposed into metal arid the monoxide. When lead is

melted in the air the surface becomes covered first with a grey

film, which, according to Berzelius, consists of the suboxide. The
suboxide has by some been considered to be an intimate mixture

of finely divided lead and the monoxide. Against this view,

however, is to be placed the fact that mercury does not dissolve

metallic lead from this grey powder, whilst a solution of sugar
which readily dissolves lead monoxide, does not take up any
from this substance. After heating, dilute acetic acid or a

solution of sugar does dissolve out lead oxide, whilst metallic

lead remains behind in the coherent state.

Lead Monoxide, PbO. This compound was known to the

ancients, as it is formed when lead is heated in contact with the

air, and is, therefore, produced in various metallurgical processes.

The different forms of this compound were, however, regarded as

different substances, giving rise to the names plumbum ustum,

scoria plumbi, scoria argenti, galena, fio\i>f38an'a, \i0dpyvpos, &c.

When lead is heated to its point of volatilisation in the air, it

takes fire and burns with a white light, yielding this oxide

which formerly received the name of nowers of lead or flores

plumbi. Lead, when heated in the air, becomes covered with

a grey film, and if the surface be continually renewed, becomes

wholly converted into lead-ash, a yellowish-grey pulverulent

mixture of metallic lead and yellow monoxide, which, it heated

in the air for a longer time, is wholly converted into tho

68
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latter. This yellow oxide is termed mnssicot, whilst the other

form of lead monoxide termed litharge, is obtained at a

temperature at which the oxide fuses, solidifying to a scaly

shining mass sometimes of a yellow tint, sometimes rather

inclined to red.

Crystallised oxide of lead also occurs in nature as a mineral

found near Vera Cruz (Noggerath). The crystals may also

be artificially obtained by allowing litharge to cool slowly ;

it forms rhombic octohedrons sometimes also found as a

deposit in the lead furnaces (Mitscherlich). Lead oxide

possesses a colour varying from lemon-yellow to reddish-

yellow, and on heating assumes a brownish-red tint. Its

specific gravity at 4 is 9'36 (Joule and Playfair). It is

reduced to the metallic state by carbonic oxide at 100, and by

hydrogen at 310. Litharge is largely used in the arts, especially

for the manufacture of flint-glass, and as a glaze for earthenware
;

it is also used for the preparation of red-lead, lead acetate, lead

nitrate, white-lead, lead-pi aister, and drying oils. Commercial

litharge contains carbon dioxido and water absorbed from the

air, which may be removed by ignition. Not unfrequently
it contains small quantities of iron oxide and copper oxide, the

latter easily removable by ammonia.

Basic Lead Hydroxide, Pb
20(OH),or HO Pb O Pb OH.

This substance is obtained as a white precipitate by the action

of air and water free from carbonic acid upon the metal, or is

thrown down as a white precipitate on the addition of ammonia
or a fixed alkali to a lead salt.

The compound Pb3 2(OH) 2
is formed according to Payen as

follows 100 parts of a solution saturated at 16 of basic acetate

of lead, Pb3
O

2(C2
H

3 2)2 , are added to 50 volumes of cold water
*

which has previously been well boiled : a mixture of 20 parts
of ammonia and :-iO parts of boiled water is then added and the

solution allowed to stand at a temperature of 25 30 when the

above hydrate separates out in glittering octohedrons.

At ISO" lead hydroxide loses a portion, and at 145 the whole
of its water, being their converted into lead oxide. The

hydroxides of lead as well as the oxide turn moistened red lit-

mus paper blue as they are somewhat soluble In water. They all

act as strong bases and also combine with certain metallic oxides.

Thus when lead oxide is fused with the alkalis, alkaline earths,
and other metallic oxides, a glass is formed and in consequence
of this lead oxide attacks clay crucibles. It dissolves also
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in caustic potash and soda as well as in lime and baryta water

yielding yellow liquids. The lime compound is slightly soluble

in water and crystallises on cooling in white needles (Berthollet,

Karsten).
Lead Sesquioxide, Pb2 3 ,

is formed when a solution of sodium

hypochlorite is carefully added to a caustic potash solution

of lead oxide (Winkelblech) or when a solution -of red lead

in acetic acid is precipitated by very dilute ammonia. It is

a reddish yellow amorphous powder which does not part with

the whole of its water at 150. It is decomposed by acids into

the monoxide and dioxide, and is, therefore, considered \Q be a

compound of these two.

Bed Lead or Minium, Pb
3 4

. This compound was described

by Pliny, under the name of minium, but it was at that time not

sufficiently distinguished from cinnabar and the red sulphide of

arsenic. Dioscorides, however, mentions that it can be prepared
from white lead: "cerussa, si coquatur rufescit ;" and Gebersays :

"plumbum aduritur et fit minium"
Red lead is usually prepared by carefully heating very finely

divided pure massicot or white lead. For this purpose the oxide

is heated for about twenty-four hours either on the flat hearth

of a reverberator}
7
furnace, or in barrel-shaped vessels open at

both ends, the mass being frequently stirred and the heat not

allowed to rise above dull redness. The brightness and beauty
of the colour much depends on the care spent on the roasting,

as these properties are not wholly inflenced by the absorption of

oxygen, but more especially by the molecular condition of the

material and this is produced only at a given temperature.
Eed lead is a scarlet crystalline granular powder, which, on

heating, first assumes a finer red colour and afterwards turns

violet and lastly black, but on cooling regains its original tint.

On ignition it loses oxygen arid is converted into the monoxide.

Its specific gravity varies from 8'6 to 91. Commercial red lead

frequently contains the yellow oxide litharge mixed with it,

which may be extracted by repeatedly digesting it with a solu-

tion of lead acetate. Red lead is largely used as a paint and

also in the preparation of flint-glass. For both of these pur-

poses it is necessary that it should be as free as possible from

iron, and in this case it is not unfrequently prepared from wliilr

lead. Red lead is also adulterated with oxide of iron, red bole,

and brick-dust. These substances remain undissolved when red

lead is digested in warm dilute nitric acid to which a little sugar
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has been added. Boiling hydrochloric acid extracts sesquioxid-3

of iron from the oxide with formation of lead chloride and

liberation of chlorine.

166 Lead Dioxide or Puce-coloured Oxide of Lead, Pb02 This

substance was discovered by Scheele, who observed that red lead

is coloured brown when treated with chlorine water, whilst

Priestley found that nitric acid produced the same reaction. The

properties of the puce-coloured lead oxide were more exactly

examined by Proust and Vauquelin.

Lead peroxide, as the compound is frequently called, may be

prepared according to a variety of methods. The simplest plan
is by acting upon red lead with dilute nitric acid :

Pb
3 4 + 4HN03

= Pb0
2 + 2Pb(N03)2 + 2H2

0.

It is likewise obtained by the action of chlorine upon lead salts

in the presence of alkalis (Wohler), or by treating a solution of

a pure lead salt with a soluble hypochlorite (Bottger) :

PbO + 2NaOCl = PbO
2 + 2NaCL

It is obtained in the dry way by fusing 4 parts of lead monoxide,
1 part of potassium chlorate, and 8 parts of nitre (Liebig and

Wohler). Lead oxide is also converted into the peroxide by the

action of ozone as well as of hydrogen peroxide, and it is deposited
in crystalline scales at the positive pole when a lead salt is

decomposed by means of a galvanic current.

This substance is found native in the form of plattnerite,

which crystallises in black six-sided prisms having a specific

gravity of 9'4. The artificial peroxide sometimes occurs in the

form of brownish-black six-sided tablets
; generally, however, as

a dark brown powder which has a specific gravity of 8'9 to 9'2.

Lead dioxide decomposes on heating into oxygen and the

monoxide. It loses oxygen when simply exposed to sunlight,

red lead being formed. It has a strongly oxidising action and

when triturated with one-sixth of its weight of sulphur, it

takes fire and burns with a brilliant flame,, forming sulphide
of lead. 1

Aqueous hypophosphorous acid is at once oxidised

with formation of lead phosphate. When immersed in sulphur-
ous acid gas at ordinary temperatures it becomes red-hot and is

converted into lead sulphate whilst nitrogen peroxide and even

ammonia, convert it into lead nitrate. A large number of

organic acids and other carbon compounds when triturated with
1
Vauquelin, Ann. Chim. Phys. Ixii. 221.
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it likewise cause evolution of light and heat. When treated

with aqueous hydrochloric acid, chloride of lead and free chlorine

are formed. Lead peroxide is often employed as an oxidising

agent, as for instance, in the analysis of organic substances con-

taining sulphur in order to separate the sulphur dioxide from

carbon dioxide. The mixture of lead nitrate and peroxide ob-

tained by treating red lead with nitric acid, is employed under the

name of oxidised red lead in the manufacture of lucifer matches.

Lead peroxide acts in the presence of certain acids as a weak

basic oxide. Thus, for instance, it dissolves in a tolerablyconcen-

trated solution of phosphoric acid, yielding a colourless strongly

oxidising liquid which is decomposed on boiling, with evolution

of oxygen. On the other hand it sometimes plays the part of an

acid and the name plumbates has been given to the compounds
obtained. The hydroxide or plumbic acid, PbO(OH) 2 ,

is deposited

at the positive pole by the electrolysis of lead salts. It may
also be prepared as a bluish-black shining body by the electro-

lysis of an alkaline solution of lead sodium tartrate.

Po'assium Plumbate, K,Pb03 + 2H
2O, is obtained in the form of

crystals according to Frem-y,
1

by fusing lead peroxide with excess

of caustic potash in a silver crucible, dissolving in water and

evaporating in a vacuum. This solution gives a precipitate with

most metallic salts of the corresponding plumbates. Calcium

plumbate is also formed by heating a mixture of lead nitrate,

lime, and bleaching powder for some time to a temperature of

57 (Crurri).

Lead peroxide and red lead may also be considered to be salts

of plumbic acid
;
the first is a normal and the second a basic

salt:

Pb

O = Pb
X \b =Pb
\ / \ /

Pb

SALTS OF LEAD.

167 Lead Chloride, PbCl 2
. Dioscorides mentions that yellow

oxide of lead when brought in contact with common salt and warm

water becomes white. After the discovery of silver chloride, to

which the name of horn-silver was given, the corresponding lead

compound was termed horn-lead (plumbum corneuni). Lead

1 Ann. Chim. Phys. [3] xii. 490.
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chloride occurs native in the craters of volcanoes as the mineral

cotunnite. Lead combines with chlorine, but slowly, and without

incandescence. Dilute hydrochloric acid dissolves the metal only

in the presence of the air, and then but slowly. The boiling con-

centrated acid, however, converts it into chloride with evolution

of hydrogen gas. Lead chloride is easily prepared by the action

of hydrochloric acid on the oxide or carbonate, and also by the

precipitation of a tolerably concentrated solution of a lead salt

by means of hydrochloric acid or a soluble chloride. It is thus

obtained in the form of a white crystalline precipitate. At 12'5

it dissolves in 135, and at 100 in less than 30 parts of water,

crystallizing on cooling in rhombic white silky needles, which have

a specific gravity of 5 "8. Its vapour density has been found to be

9'49, corresponding to PbClg.
1 Lead chloride does not dissolve

in dilute hydrochloric acid, or in solutions of chlorides so readily

as in pure water, but it dissolves more freely in concentrated

hydrochloric acid. Hence a precipitate is obtained on adding water

to the latter solution, whilst the aqueous solution is precipitated by

hydrochloric acid. It is insoluble in alcohol of 94 per cent., whilst

in aqueous alcohol it dissolves only with difficulty, and to the

greater extent the larger the proportion of water contained in it.

The acetates and thiosulphates of the alkali metals dissolve it

readily. When heated in absence of air, lead chloride melts below a

red-heat and without volatilization, solidifying on cooling to a white

translucent horny mass. Ignited in contact with the air until no

further vapours are seen, a basic chloride is formed, PbCl.2+ PbO or

CIPb PbCl. This substance occurs naturally as the mineral

matlockite. Another mineral, mendipite, has an analogous com-

position, viz., PbCl2+ 2PbO or CIPb O Pb O PbCl. A third

basic lead chloride, PbCl 2+ 3PbO, may be obtained, according to

Berzelius,by precipitatiuga solution of lead chloride with ammonia.

This latter compound is also a hydrated oxychloride, and is like-

wise obtained by warming lead oxide with a solution of common
salt (Scheele), caustic soda being at the same time produced. In

the year 1787, Turner took out a patent for the purpose of prepar-

ing caustic soda by this reaction, and found that the residue when
heated became anhydrous and possessed a yellow colour. This

oxychloride is known under the name of Turner s yellow or patent

yellow. Vauquelin then showed that when lead chloride and lead

oxide are fused together a yellow coloured body is obtained. This

is now known as Casscl yellow, and is usually prepared by fusing
1
Roscoe, Proc. Roy. Soc. xxvii. 428.
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together 1 part of sal-ammoniac with about 10 parts of massicot,

minium, or white lead
;

a part of the sal-ammoniac sublimes

undecomposed, and the resulting compound contains about 1

molecule of chloride to 7 molecules of oxide
; part of the lead

being at the same time reduced by the ammonia.

Oxychloride of lead is largely prepared for use in place of

white lead, by a process patented by Mr. Pattinson %in 1849.

In this process chloride of lead is first prepared from finely

pulverised galena and concentrated hydrochloric acid
;
this is

then dissolved in water and mixed with lime-water in certain

definite proportions ;
a snow-white precipitate having the

composition Pb(OH)Cl, is thrown down, which from its covering

power is largely used as a paint.

Lead Perchloride. This compound which has probably the

composition PbCl
4, is obtained by dissolving the dioxide in

strong, well-cooled hydrochloric acid
;
a yellow solution is thus

obtained which possesses strong oxidising properties, and from

which watt-r and the alkalis precipitate the dioxide (Millon).

Lead Bromide, Pb8r
2

. This compound closely resembles the

chloride. It is obtained by treating lead oxide with aqueous

hydrobromic acid, or by precipitating a lead salt with a solution

of potassium bromide, when it is thrown down in the form of

white shining needles. It dissolves in hot water and has a

specific gravity of 6'6. On heating in a closed vessel it fuses

forming a red liquid which on cooling solidities to a white

horny mass. Fused in contact with the air it emits white

fumes and leaves a residue of oxybromide, PbOI3r2 , forming a

pearly yellow mass.

Lead Iodide, PbI2
. Hydriodic acid easily dissolves lead, and

the iodide separates out from a concentrated solution in beauti-

ful yellow crystals (Deville). When a solution of a lead salt

is mixed with a soluble iodide a yellow precipitate of lead iodide

is formed. This is soluble in 1235 parts of cold, and 194 parts

of boiling water, giving rise to a colourless solution from which

the iodide separates out on cooling in yellow laminae re-

sembling those of Mosaic gold. The specific gravity of this

compound is 61
;
on heating it becomes reddish yellow, then

of a bright red colour, and lastly assumes a brownish black

colour; it melts in a closed tube to a reddish brown liquid

which solidifies to a yellow crystalline mass. Like the chloride

and bromide it easily forms basic salts.

Lead Fluoride, PbF2
. This compound is a white powder
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obtained by heating lead oxide with hydrofluoric acid, or by

precipitating a lead salt with a soluble fluoride. It is almost

insoluble in water and in hydrofluoric acid, but readily soluble

in hydrochloric and nitric acids. When treated with ammonia

an easily soluble basic fluoride is formed. If a solution of

chloride of lead is precipitated with sodium fluoride the com-

pound PbCIF is formed. This chloro-fluoride of lead is slightly

soluble in water, dissolving without decomposition (Berzelius).

Lead Chlorite, Pb(C10,)9 , is formed by precipitating neutral

calcium chlorite with lead nitrate. It forms sulphur yellow

crystalline scales which when heated to 100 decompose after

some time with explosion.
1 When triturated by means of a

glass rod with flowers of sulphur, the mixture at once takes

fire.

168 Lead Sulphate, PbS0
4

. This substance is found native

as lead vitriol or anglesite in transparent rhombic crystals,

isomorphous with those of ccelestine and heavy- spar, or as

pseudomorph of galena. It is obtained as a white powder

by precipitating a lead salt with sulphuric acid or a soluble

sulphate. If a layer of water be poured on to a saturated

solution of potassium sulphate, and a platinum wire on which

some lead choride has been fused allowed to dip into the water,

crystals of lead sulphate are gradually formed. 2 Lead sulphate
has a specific gravity of 6'2 to 6

-

3. It melts at a red-heat

without decomposition. One part of the salt dissolves in 22,800

parts of cold water, and in 36,504 parts of dilute sulphuric acid

(Fresenius), whilst concentrated sulphuric acid can take up about

6 per cent, of the compound. It also dissolves in warm ammonia
und caustic potash, and in hot hydrochloric acid with formation

of lead chloride. Sulphate of lead is likewise very readily

soluble in ammoniacal salts, especially in the acetate
;
calcium

acetate and many other salts also dissolve it.

If a plate of zinc be covered with a thick layer of a pasty
mixture of lead sulphate and water, and this covered with

another zinc plate, and the whole placed in a solution of

common salt for ten days, a coherent mass of spongy lead is

obtained which may be used for the purpose of obtaining

impressions of various articles.

When lead sulphate is boiled with concentrated sulphuric acid,

it is dissolved and is afterwards deposited in crystals, and if the

1 Schip]. Ann. Chem. Pharm. cix. 321.
2
Manross, Ann. Chem. Pharm. Ixxxii. 360.
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mother-liquor be allowed to stand in contact with moist air,

crystals of the acid sulphate, PbSO4 + H2
S0

4 + H
20, similar

to the corresponding barium salt, are formed.

When the normal salt is treated with ammonia, the basic

sulphate Pb2
S05

or

Pb-0

< X '

Pb-0

is formed. The same salt is obtained in miscroscopic needles

when an excess of a hot solution of sodium sulphate is added

to basic lead formate (Barford).

Lead Nitrate, Pb(N03) 2
. Lead nitrate is first mentioned in

the Alchymia of Libavius. It is here termed calx pltimbi

dulcis.
"
Fit per aquam forte in comminute plumbo affnsam

vase in aqua frigida locate. Fit instar crystallorum." Lead

dissolves slowly in warm dilute nitric acid. Lead nitrate, or lead

saltpetre as it is sometimes called, is prepared on the large

scale by dissolving lead-scale or litharge in hot dilute nitric acid,

having a specific gravity of V35. The solution is evaporated
until it attains a specific gravity of l

-

6, and then is allowed to

cool in earthenware vessels, when the salt separates out in milk-

white regular octohedrons, exhibiting a combination of the

regular dodecahedron. If a cold solution of the salt be allowed

to undergo spontaneous evaporation, transparent octo'iedral

crystals are formed (Knop). It has a specific gravity of 4 -

5, and

on dissolving in water gives rise to a reduction of temperature.

100 parts of water dissolve, according to Kremers, as follows :

At 10 25 4.T 65 85" 100

Pb(N03) 2
38-7 48-3 GO'6 80-0 101-0 1204 9.13.8

It scarcely dissolves in strong alcohol, and is only slightly solu-

ble in aqueous alcohol. Its aqueous solution is preciyntated In-

nitric acid. It has an astringent metallic taste, decrepitates

when heated, detonates with brilliant sparks when thrown upon
red-hot charcoal, and deflagrates when triturated with sulphur.

The salt is largely used in dyeing and calico-printing, for the

preparation of mordants, and for the preparation of chrome-

yellow.

When the normal salt is boiled with an equal weight of lead

oxide and water, crystals of a basic nitrate l
>

b(N03)OH are
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thrown down on cooling. These are difficultly soluble in

cold, and more readily soluble in hot water. When gently

heated it is converted into red lead. If a solution of the

normal salt be precipitated with a slight excess of ammonia, and

the solution heated in a closed vessel with the addition of some

of the normal salt until the smell of ammonia has almost

disappeared, a basic nitrate is formed, having the composition

2Pb(NOs^OH + PbO. It is a white powder slightly soluble in

water. When an excess of ammonia is employed, the compound

Pb(N03)OH + 2PbO is thrown down as a white powder.
Lead Nitrite, Pb(N02) 2

. This substance is most readily

obtained by decomposing silver nitrite with lead chloride,

and concentrating the solution in a vacuum, when yellow

prisms separate out, which are easily soluble in water. On

evaporating the solution, nitrogen dioxide is evolved, and a

basic salt remains behind. If lead nitrate be digested with

water in contact with finely divided metallic lead for a few

hours at a temperature of 75, a yellow solution is formed,
which on cooling, deposits the basic double salt, Pb(N03 )

OH 4 Pb(N0 2)OH, in glittering yellow plates. Proust, who
first obtained this compound, considered it to be a nitrate of a

suboxicle of lead, whilst Berzelius viewed it as a simple basic

nitrite. If its solution be boiled with metallic lead and a large

quantity of water, on cooling, orange-yellow prisms separate out,

having the composition Pb(N02) 2 + Pb(N03 )2 + 5PbO + 3H2O.

This salt was formerly termed lead hyponitrate. If lead nitrate

be boiled with one and a half times its weight of lead, and fifty

times its weight of water for twelve hours in a long-necked flask,

pale red needles of basic nitrite of lead, Pb(N02) 2 + 3PbO +
H

20, are formed. Besides these, other basic nitrites of lead

are known.

169 Phosphates of Lead. When common phosphate of soda is

precipitated by acetate of lead, a white precipitate of normal
lead orthophosphate, Pb^POjo, is formed. If a boiling solution

of lead nitrate is precipitated by phosphoric acid, a glittering
white crystalline precipitate of HPbPO4 is produced, and the
same compound is obtained in the form of crystalline needles

when lead pyrophosphate is heated with water to 250. Tlie

pyrophosphate and metaphosphate of lead are white precipitates.
The following minerals are lead phosphates and arsenates

isomorphous with apatite :
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Pyromorphite, Pb
3(P04 ) 2 + Pb

2|[\
Polysphaerite, (PbCa)3(P04) 2 -f (PbCa) 2

J
*,

Mimetesite, Pb3(As04) 2 + Pb
2 1 j

*, and

Kampylite, Pb3 [(AsP)OJ2 + Pb
2

These usually contain a portion of their chlorine replaced by
fluorine.

Borates of Lead. If boron trioxide and lead oxide be fused

together in the proportion of 2 molecules of the former to 3

of the latter, a yellowish soft glass is obtained, which softens

when exposed to the action of hot oil. If double the weight
of boron trioxide be employed, the glass obtained is harder and
less coloured, and if three times the weight be used a colourless

glass is obtained, which possesses the hardness of flint-glass, and

which refracts light much more powerfully.
1 When a lead salt

is precipitated with borax, a compound having the composition
Pb

2
B

6
Ou + 4H2 is formed, and this when warmed with strong

ammonia is converted into a heavy white powder having the

composition PbB
2 4 + H

20, which again, when boiled with

a solution of boracic acid, yields an amorphous powder of

PbB
4 7 + 4H 2

0.

Silicates of Lead. Silica fuses with lead oxide to form a

yellow glass. Glass formed of equal parts of lead oxide and

silica does not become dull when it is exposed to the action

of sulphuretted hydrogen, but if 8 parts of the glass are fused

with 1 part of potash, the glass produced becomes tarnished on

exposure.
2 Lead silicate forms a constituent of flint-glass.

170 Carbonates ofLead. Normal Lead Carbonate, PbC03 , occurs

as cerusite or white carbonate of lead in rhombic crystals iso-

morphous with arragonite, and also as pseudomorph of galena and

lead sulphate. The same compound is formed by precipitating a

cold solution of lead acetate by carbonate of ammonia (Berze-

lius), or by passing carbon dioxitie into a dilute solution of

sugar of lead (Piose). Cerusite forms colourless transparent

lustrous crystals, having a specific gravity of 6'4G, whilst the

precipitated carbonate has a specific gravity of 6 -43. It is

scarcely soluble in water
;
1 part dissolving in 50,500 parts of

1
Faraday,

" On the Manutacturo of Optical Glass." PMl. Trans. 1880, p. 1.

Farada>, loc. tit.
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water at the ordinary temperature, but in presence of ammonical

salts it is somewhat more soluble (Fresenius). A solution of

carbon dioxide in water also dissolves it slowly.

Lead forms several basic carbonates, amongst which white

lead is the most important, since it is manufactured on a very

large scale. In the pure state this compound consists of

2PbC0
3 +Pb(OH) 2,or

OH Pb CO Pb 0-CO Pb OH.

White Lead has long been known, being called -^nfiv6iov by

Theophrastus. The process of manufacture as described by him

consisted in the action of vinegar on lead, the material formed

being scraped off after a time from the surface of the metal.

Pliny mentions the same substance under the name of cerussa

and describes the above method of manufacture. He also states

that it mny be obtained by dissolving lead in vinegar and

evaporating to dryness. Thus it would appear that the

difference between white lead and sugar of lead was not known.

Geber describes the manufacture as follows :

"
plumbum ponendo

super vaporem aceti fit cerussa," a description which accords

with the method employed even up to the present da}'. For

some time white lead was supposed to be a compound of calx

of lead with vinegar, and it was not until 1774 that Bergman
showed that white lead contains lead calx and fixed air and gave
to it the name of "

luftsaurer blei-kalk
"
or

"
calx plumbi aerata."

The oldest process for the manufacture of white lead is known
as the Dutch process. In this method conical glazed earthenware

pots, 8 inches wide, are filled to one-fourth of iheir depth with

maltvinegar. At one-third of the height of the pot from the bottom
are three projecting points on which a cross-piece of wood is

laid, and on this are placed vertically a number of leaden plates
lolled up into a spiral, and the whole covered with a leaden

plate. The pots are then placed under a shed in rows upon
horse-dung or spent tannery-bark covered with boards, another

layer of dung or decomposing bark laid upon the boards, and

ou this another row of pots, many rows of pots being thus

placed above one another, and the whole covered by the tan

or dung. By the slow decomposition of the dung, heat is evolved,

which assists the evaporation of the vinegar and causes basic

lead acetate to be formed, and this in contact with the carbon

dioxide evolved from the putrefaction of the organic matter is

converted into white lead. In the course of from 4 to 5 weeks
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the greater portion of the load is converted into white lead, the

change taking place from without inwards. The white lead is

then detached, ground into a fine paste whilst moist, washed

well to free it from adhering acetate, and dried in small round

pots. Unwashed white lead contains a considerable quantity

(from 2 to 12 per cent.) of the normal acetate.

According to the German method of manufacture, plates of lead

are hung up in wooden boxes placed in heated chambers contain-

ing a stratum of acetic acid, or the plates are suspended in heated

chambers having their floors covered with tan and acetic acid.

The French method, introduced by Thcnard, and the English

method, suggested by Benson, do not furnish a white lead which

possesses the same covering power as that prepared by the

other methods. The process in these cases consists in passing
carbon dioxide through a solution of a basic acetate of lead,

obtained by boiling a solution of sugar of lead with litharge.

Another method, which yields a white lead of excellent

covering power, is the process patented by Dale and Milner.

This consists in carefully grinding between millstones a mix-

ture of litharge, or any insoluble basic lead salt, with water and

bicarbonate of soda. Milner has improved upon this method

by grinding a mixture of 4 parts of finely divided litharge with

1 part of common salt and 16 parts of water. After about 4

hours the reaction is complete. The mixture of basic lead

chloride and caustic soda is then brought into a leaden vessel,

well stirred with a wooden pestle, and a current of carbon

dioxide passed through it until the liquid is neutral. If the

carbon dioxide be passed in too long the product is spoiled.
1

171 White lead is a white, earthy, heavy, amorphous powder
which appears under the microscope to consist of round trans-

parent globules of the size of from 000001 to 0-00004 of an inch

in diameter. It was formerly supposed that the feeble covering

power of the white lead manufactured according to the French

method depended upon the fact that it was crystalline. The

specific gravity of that prepared by the Dutch method is some-

what greater than that prepared by the French method, and it

therefore absorbs less oil or varnish and gives rise to a thicker

colour.

Although it acts as a powerful poison, and is. turned black by

sulphuretted hydrogen, white lead is still almost exclusively

used as a paint, and has been replaced only to a very small

1 Patent No. 4,053 ; 22nd November, 1875.
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extent by zinc-white or baryta-white. This is accounted for

by the fact that it possesses a much greater covering power and

is much more opaque than is either of the other two.

White lead is often mixed with heavy-spar and gypsum. A
mixture of equal parts of white lead and barium sulphate is

known as Venetian white, whilst Hamburg ivhite is a mixture of

1 part of white lead to 2 of barium sulphate, and Dutch ichite

of 1 part to 3 of barium sulphate. The amount of this admixture

may be readily ascertained by treating a weighed portion of the

powder with warm dilute nitric acid, when the barium sulphate

remains behind. The estimation may also be made by igniting

and heating to the point of fusion and weighing the residue
;

the amount of sulphate can then be readily calculated, inasmuch

as white lead when heated loses the whole of the carbon dioxide

leaving lead monoxide behind. An average sample of white

lead loses 14 per cent, of its weight on ignition. Hence if a

sample loses less than this weight it is easy to calculate how
much pure white lead it contains.

Lead carbonate forms a constituent of the following min-

erals : cromfordite or phosgenite, PbC03 + PbCl
2 ; lead-hillite,

3PbC0
3 + PbS0

4 ,
and lanarkite, PbC03 + PbS0

4
.

Lead Cyanide, Pb(CN)2 ,
is obtained as a white powder when

a solution oi a normal lead salt is mixed with potassium cyanide.
It is not soluble in the cyanides of the alkali metals, and is

decomposed on the addition of an acid. When heated in a

closed vessel a mixture of lead and charcoal remains behind

which, if it has not been too strongly heated, is pyrophoric.
Lead Cyanate, Pb(CNO)2 ,

is obtained by mixing solutions of a

cyanate and of a soluble lead salt. A dense white precipitate is

thrown down, which soon assumes the form of slender needles

like chloride of lead. It is soluble in boiling water. This salt

may be employed as a ready means of the artificial preparation
of urea. (See VoL L, p. 649.)

POISONOUS ACTION OF LEAD SALTS.

172 The soluble lead salts are strongly poisonous and are em-

ployed in medicine. The normal or basic acetate given in doses
from O-o to 0-6 gram, produces acute symptoms of lead poisoning,
which often end fatally.

When taken for a considerable time in small doses, especially
in the case of the oxides and carbonates, chronic lead poisoning
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is observed. The disease called painters' colic is the chronic

form of poisoning by carbonate of lead. The symptoms of

chronic lead poisoning are pain in the abdomen, constipation,

loss of appetite, thirst, and general emaciation followed by
nervous prostration known as lead-palsy, epileptic fits, and

total paralysis.

A very characteristic phenomenon accompanying chronic lead

poisoning is the appearance of a blue line at the edges of the gums
due to the deposition of lead sulphide. This line is often seen

in the case of house-painters and the workmen engaged in white-

lead works, as well as those occupied in manufactures in which

white lead is employed, as, for instance, in the manufacture

of glazed cards. On the other hand, plumbers, who only handle

metallic lead, which is not poisonous, are not subject to the

.disease.

THE ACTION OF LEAD UPON WATER.

As lead acts as a cumulative poison,' its salts produce serious

results if taken into the system even in very minute quantities

for a length of time. Drinking-water is usually collected in

lead-lined cisterns and passes through leaden pipes, and as

v/ater under certain circumstances can take up notable quan-
tities of lead it becomes of great importance to determine the

conditions under which the solvent action is exerted. A fresh

bright surface of lead does not tarnish in a perfectly dry

atmosphere or when sealed up in a vessel filled with pure dis-

tilled water from which all air has been expelled by boiling. If,

however, it be exposed to the united action of air and water the

load is oxidized to hydroxide which dissolves. After a time,

this is converted by the action of the atmospheric carbon dioxide

into an insoluble basic carbonate. Lead hydroxide is then

again formed, and thus the corrosive action may be continued.

Potable waters always contain a certain amount of salts in

solution and the corrosive action on lead depends upon the

nature and quantity of the salts thus present. The ammoniacal

salts act most prejudicially on water in this respect ;
this is

especially the case with ammonium nitrate, which greatly assists

the oxidation and solution of the lead. Other nitrates do not,

however, appear to possess this power, and sulphates, phos-

phates, and carbonates either retard or altogether prevent this

action, and hence water containing carbonic acid in solution or
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temporarily hard water consisting of a solution of calcium car-

bonate in carbonic acid gives rise to the formation of insoluble

basic lead carbonate, which however may be dissolved in the

presence of large quantities of carbon dioxide.

The following table contains the results of experiments on

the solubility of lead in water containing various salts in solu-

tion. Bright plates of lead having a surface of 5.600 sq. mm.
were placed in flasks which contained 500 cbc. of water in

which the salts are dissolved, the saline solutions being allowed

to act upon the lead for different periods of time :
1

LEAD AND SULPHUR.

173 Lead Sulphide, PbS, occurs in nature as galena, crystallized

in cubes or in other combinations of the cubic system. It pos-
sesses a bluish-grey colour, and has a specific gravity varying

1 M. M P. Muir, Proc. Man. Phil. Soc. 1875, p. 31. See also Chem. Soc.

Jourv 1877.
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from 7'25 to 77. This mineral was known to the ancients

under its present name, but the fact that it contained sulphur
was not recognised until after some time. Thus even Kunkel
was unacquainted with this fact, though Boyle

l was aware that

when galena is heated with scrap-iron^ metallic lead is formed

and recommended this mode of producing lead.

When sulphur vapour is led over metallic lead it takes fire

and burns, forming a crystalline sulphide, and even tolerably

thick strips of lead take fire in sulphur vapour with vivid glow,

depositing half-fused globules of lead sulphide. It can also be

prepared by fusing lead oxide with an excess of sulphur. When

sulphuretted hydrogen is passed into a solution of lead nitrate,

an amorphous black precipitate is formed, but if the gas be

passed into a dilute solution of the salt containing free nitric acid,

a crystalline precipitate is obtained, consisting of microscopic

cubes (JVJuck).

Sulphide of lead fuses at a strong red-heat, and when heated

in a current of hydrogen or carbon dioxide it sublimes in cubes

which often have a diameter of T5 mm. Crystals of galena
are often obtained in lead-works in a similar way. On the other

hand, octohedral crystals may be obtained by fusing 1 part

of the precipitated sulphide with 6 parts of potash and 6

parts of sulphur (Schneider). Nitric acid converts galena, with

separation of sulphur, partly into the nitrate and partly into the

sulphate, the latter compound being formed in the largest

quantity when the acid is strongest. Hot concentrated hydro-

chloric acid dissolves it with evolution of sulphuretted hydrogen.

A finely-divided mixture of 100 parts of galena and 84 of

metallic lead, heated for a quarter of an hour in a well-closed

charcoal crucible in a wind furnace, yields 144 parts of a dull,

lead-coloured, fine-grained, semi-malleable, soft mixture, showing
a dark grey colour on the cut surface. This substance corre-

sponds to the formula Pb
4
S. If this process is carried on in an

earthenware crucible and covered with borax, a dark leaden-

grey coloured crystalline mass is obtained corresponding to the

formula Pb
2
S.

Lead Chloro-sulphide, PbCl 2 + 3PbS. When an aqueous solu-

tion of a lead salt, such as the chloride, is precipitated by a small

quantity of sulphuretted hydrogen, in presence of hydrochloric

acid, a yellowish-red precipitate of the above compound is pro-

duced. An excess of sulphuretted hydrogen converts it into

1 A Hydrostatical Way of Estimating Ores of Lead.

69
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the sulphide. This substance may also be obtained by warming

freshly precipitated sulphide of lead with a solution of lead

chloride. The compound is decomposed by hot water into lead

chloride, which dissolves, and black lead sulphide, which remains

behind.

DETECTION AND ESTIMATION or LEAD.

174 The soluble lead salts possess a sweet astringent taste,

whence the name sugar of lead has been given to the acetate, and

are very poisonous. These two properties of the lead compounds
have been long known, and it became in early times of import-

ance to detect the presence of lead, inasmuch as the compounds
of this metal were largely employed for a great variety of

purposes. Thus, for instance, the Romans were in the habit of

boiling their poor wines in leaden vessels, and Pliny mentions the

fact that the point at which the wine becomes sour can be detected

by hanging a strip of lead in it and then observing when this

undergoes any change in its appearance. In, later times the addi-

tion of metallic lead to a cask of sour wine was said to render it

drinkable. At a still later date, litharge appears to have been em-

ployed for the same purpose. It was observed that the treatment

of wine with lead could be detected by the addition of sulphuric

acid, and in 1707 Zeller suggested that an extract of orpiment
and lime-water (containing, therefore, sulphide of calcium) was

an invaluable test for the presence of lead, inasmuch as this liquid

turns all lead salts black. This reaction led to the simultaneous

suggestion, in 1787, by Fourcroy and Hahnemann of the appli-

cation of water acidified with hydrochloric acid and then

saturated with sulphuretted hydrogen for the detection of lead,

and thus the most important reagent which we now employ in

analytical chemistry for the detection and separation of the

metals was introduced.

Potable water may be examined in this way for lead by pass-

ing sulphuretted hydrogen through water slightly acidified by
hydrochloric acid. It is, however, to be remembered that

many other metals, such as mercury, copper, and bismuth, also

produce black precipitates. The absence of these metals must,

therefore, be ascertained before the presence of lead can be

certainly proved. Black lead sulphide can be readily distin-

guished from other black sulphides insoluble in dilute hydro-
chloric acid by dissolving it in warm dilute nitric acid and
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filtering the solution
;
on addition of sulphuric acid to the

filtrate, a white precipitate of lead sulphate is obtained. By
means of this reaction lead may be detected in the presence of

all the other metals and separated from them. Lead compounds,
heated before the blowpipe on charcoal, yield a malleable bead

of lead readily soluble in warm nitric acid, and the solution

yields a precipitate with sulphuric acid.

Another characteristic test for lead is, that when present in

not too dilute solution, a crystalline precipitate of the chloride

is obtained on the addition of hydrochloric acid. This is soluble

in boiling water, and separates out on cooling in crystalline

needles. Potassium chromate gives, in the presence of free

nitric acid, a fine yellow precipitate of chrome yellow, PbCr0
4

.

In order to detect small quantities of lead in presence of large

masses of organic matter, as is necessary in cases of lead poison-

ing, the mass is evaporated to dryness with sodium carbonate, the

residue ignited gently, and the carbonized mass rubbed fine and

carefully lixiviated,when small glittering heavy spiculae of metallic

lead remain behind. These can be examined as already described.

Lead is easily determined quantitatively in the form of sul-

phate, being precipitated with dilute sulphuric acid and this

washed with strong alcohol. Fo-r certain separations lead is

also determined as the chloride. In this case the solution is

precipitated by hydrochloric acid, evaporated in a water-bath,

and the concentrated liquid treated with a mixture of ether and

alcohol, in which the chloride is insoluble. Lead carbonate and

lead oxalate are also occasionally used for the estimation of lead,

and these precipitates are then converted by ignition into lead

oxide.

Lead compounds impart a pale tint to the non-luminous

gas-flame arid this exhibits characteristic lines in the green

(Werther.) The spark spectrum of lead contains a large number

of lines between the orange and violet. The brightest and most

characteristic of these is a violet line, a somewhat less bright

one in the green, and a fainter one lying near the less refrangible

of the " D "
lines of Fraunhofer (Lecoq de Boisbaudran.)

The most accurate determinations of the atomic wcifjht of lead

are those of Stas. By the conversion of pure lead into the

nitrate he obtained the number 2064 as a mean of ten experi-

ments. Six other experiments in which the nitrate was converted

into the sulphate gave the number 206'41. 1

1 Bull. Eoy. Acad. Bclg. [2], x. 298.
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THALLIUM, Tl = 2o3 -6.

VAPOUR DENSITY =101 <

8.
1

175 Thallium was discovered in the year 1861 by Crookes 2 in

a seleniferous deposit obtained from a sulphuric acid manufactory

at Tilkerode in the Harz. Selenium was being prepared from

this deposit, and a considerable residue was left when the

material was distilled. This was supposed at first to contain

tellurium, but examination with the spectroscope showed that a

new element was present whose spectrum consisted of one bright

green line, whence the name of the element, from #aXXo?, a

green twig. In 1862 Lamy,
3 who discovered the element inde-

pendently of Crookes, published the results of his investigations.

It was first believed that this element was a non-metal belonging
to the sulphur group, but it was afterwards found to be a metal,

and was obtained in the metallic condition.

Thallium occurs in small quantities in many varieties of iron

and copper pyrites, and in a few micas containing lithium. A
mineral containing thallium has been discovered by Norden-

skjold
4

in a copper mine at Skrikerum, in Sweden. This

mineral, to which he gave the name of crookesite, contains :

Thallium . . . 17'25 per cent.

Selenium . . . 3328

Copper .... 45*76

Silver . 3-71

100-00

The mineral water of Nauheim, near Frankfort, as well as

that of many other mineral springs, contains small quantities of

thallium.

For the purpose of preparing thallium it is best to employ
the flue dust from sulphuric acid works, in which pyrites con-

taining thallium is burnt. The dust is repeatedly boiled out

with water acidulated with sulphuric acid, the solution con-

centrated and the thallium precipitated with zinc, when it is

deposited in the form of needles or glittering plates. Thallium

may be obtained in a purer condition by boiling up the flue

dust with water and adding hydrochloric acid to the concentrated

1 Zeit. Phys. Chem.IV., 264.
8 " On the Existence of a New Element, probably of the Sulphur Group,"

Chemical News, iii. 193 (March 30, 1861).
* Societe fmperiale des Sciences de Lille, May 2 and 16, 1862.
* Arm, Chcm. Pharm. cxlv. 127.
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clear solution. The precipitate is washed and gradually
dissolved in half its weight of hot sulphuric acid, and then

heated until all the hydrochloric and the greater part of the

sulphuric acid has been driven off. The residue is then dissolved

in water, the solution treated with sulphuretted hydrogen for

the purpose of precipitating arsenic, antimony, bismuth, mer-

cury and silver, and ammonia added to the filtrate to throw

down any iron or alumina which may be present. The filtrate,

when concentrated, yields crystals of pure thallium sulphate, from

which the metal may be obtained by deposition with zinc or by

electrolysis. According to Bunsen J the solution of zinc sulphate

obtained at the Juliushiitte, at Goslar, contains O05 per cent, of

thallium chloride^ and if metallic zinc be allowed to remain in

contact with the solution, copper, thallium, and cadmium are

thrown down in the metallic state. The precipitated metals are

then carefully washed with water and digested with dilute

sulphuric acid to dissolve the two latter metals. If potassium
iodide be then added to this solution, thallium iodide separates

out, and this on treatment with potassium cyanide yields pure
metallic thallium.

Pure thallium has a bluish-white tint and a lead-like metallic

lustre. It is crystalline, and so soft that it may be marked with

the nail and leaves a streak on paper. It is malleable, but

possesses little tenacity, and can with difficulty only be filed

or sawn, as the particles stop up the interstices of the tool. Its

specific gravity is 11 '8; it melts at 290 (Larny), volatilizes at

a very high temperature, and may be distilled in a current of

hydrogen. When heated before the blow-pipe it oxidizes, a

pale reddish vapour being evolved which possesses a peculiar

smell. It decomposes water at a red-heat and dissolves readily

in dilute acids.

THALLIUM AND OXYGEN.

Thallium forms a monoxide and a trioxide, and yields two

corresponding series of salts, known as the thallious and the

thallic compounds.
Thallium Monoxide, T1

2
0. When the metal is exposed to the

air its surface assumes a dull grey colour, due to the formation

of the above compound. This may be obtained in the pure state

i Phil. Mag. [4] xxix. 168.
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by heating the hydroxide in absence of air to a temperature of

100. It is a black powder melting at about 300, and easily

soluble in water with the formation of the hydroxide.

Thallium Hydroxide, Tl OH, is formed by the action of water

upon the metal in presence of air. In order to prepare it in

larger quantity a solution of the sulphate is precipitated with

the necessary quantity of baryta water. It crystallizes in long

yellow needles having the formula Tl OH + H2
0. It is readily

soluble in water, and the solution is colourless and possesses a

strong alkaline reaction, turning yellow turmeric-paper brown.

This brown colour disappears, however, after some time as the

hydroxide destroys the colouring matter. Hence if turmeric-

paper be written upon with metallic thallium the writing at

first appears brown but gradually disappears
1

(Erdmann).
Thallium Trioxide, T1

2 3
. When molten thallium is plunged

into oxygen-gas it takes fire with formation of this oxide. At a

red-heat this is, however, converted into the monoxide. It is

also obtained by passing a galvanic current from a few Bunsen's

elements through acidulated water, the positive pole consisting

of metallic thallium which then becomes covered with a black

deposit of this oxide 2
(Wohler) :

-

T1
2 +3H2

0=T1
2 3 + 3H2

.

It forms a dark reddish powder which is insoluble in water and

the alkalis.

If a hot solution of thallium chloride in sodium carbonate be

mixed with one of sodium hypochlorite, a brown precipitate is

obtained, which probably consists of thallium tri-hydroxide

T1(OH) 3 , but on drying it possesses the composition Tl 0(OH).
This same compound is also formed when thallium trichloride is

decomposed by an alkali. When heated with hydrochloric acid

it evolves chlorine, whereas oxygen is given off when it is

heated with strong sulphuric acid. On heating it is transformed

into the trioxide and afterwards into the monoxide. When
thallium hydrate is suspended in strong caustic potash, and a

current of chlorine passed in, a deep reddish-violet solution is

formed, which probably consists of the potassium salt of a

thallic acid.

1 Journ. prakt. Chem. Ixxxix. 381.
a Ann. Chem. Pharm. cxlvi. 243, 375.
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Thallium forms two series of compounds corresponding to the

two oxides, and distinguished as the thallious compounds and the

tkallic compounds.

THALLIOUS COMPOUNDS.

Thallium Monochloride or Thallious Chloride, Tl 01, is formed

when the metal burns in chlorine, and it separates out when

hydrochloric acid is added to a tolerably concentrated solution

of a soluble thallium salt, forming a white curdy precipitate

which assumes a violet tint on exposure to light (Hebberling).

It crystallizes from hot saturated solution in the form of cubes,

and melts easily, yielding a yellowish liquid which on cooling

solidifies to a white, shining, crystalline, somewhat flexible mass,

having a specific gravity of 7 '02 (Lamy). Its vapour density

has been found to be S'5.1
According to Hcbberling 100 parts

of water dissolve the following quantities of the salt :

At 0" 16' 100
'

T1C1 0198 0-2G5 1'427.

It is less soluble in dilute hydrochloric acid, and hence the salt

is precipitated from aqueous solution on addition of this acid.

It is scarcely soluble in ammonia, and is insoluble in alcohol.

Thallious Bromide, TIBr, is a very pale yellow precipitate, less

soluble than the chloride, with which it possesses strong analogies.

Bromine does not attack the metal so readily as chlorine, but

in presence of water the metal is readily dissolved by bromine.

Tliallious Iodide, Tl I, is formed when thallium and iodine

are heated together. It may also be obtained by precipitating'

a solution of a thallium salt with potassium iodide when it is

thrown clown as a beautiful yellow crystalline powder, which

melts at 190, yielding on solidification a red mass, which on

standing becomes yellow. If it is precipitated from, a hot solu-

tion containing potassium acetate it is deposited in the form of

microscopic orange-yellow cubes or cube-octohedrons (Werther).

It is very difficultly soluble in cold water, 1 part requiring

16,000 parts for its solution, whereas it dissolves in 800 parts

of boiling water. When heated to 190 thallious iodide becomes

scarlet, melts at a higher temperature, solidifying to form a red

crystalline mass which becomes yellow on standing for some

1
Roscoe, Proc. Roy. Soc. xxvii. 423.
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days. It is less soluble in a solution of potassium iodide, in

alcohol, and in dilute acetic acid, than in water itself. It is

not decomposed by dilute sulphuric acid, or hydrochloric acid,

or by caustic potash. Nitric acid, however, decomposes it with

evolution of iodine.

Thallious Fluoride, Tl F, is formed by dissolving the carbonate

in hydrofluoric acid. It crystallizes in glittering octohedrons and

cube-octohedrons. It dissolves in T25 parts of water at 15,
and more readily in boiling water. It melts on heating, and

may readily be sublimed in a current of hydrofluoric acid.

Thallium Hydrogen Fluoride, Tl HF
2,

is formed by allowing a

solution of the fluoride in aqueous hydrofluoric acid to evaporate
in a vacuum over sulphuric acid. It crystallizes in similar

forms as thallious fluoride, and dissolves in its own weight of

water.

Thallious Chlorate, Tl Cl 3. This salt is formed by mixing

equivalent quantities of thallium sulphate and barium chlorate,

filtering and concentrating the solution when the salt separates out

in microscopic prisms sparingly soluble in cold water (Thorpe).
Thallious Perchlorate, Tl 01 O4 ,

is formed by dissolving thal-

lium in aqueous perchloric acid, or by precipitating barium

perchlorate with thallium sulphate. It crystallizes in trans-

parent rhombic tables, isomorphous with potassium perchlorate,
and having a specific gravity of 4'844 at 15'5. 1 part of this

salt dissolves at 15 in 10 parts, and at 100 in 0'06 parts of

water
;

it is only slightly soluble in alcohol (Eoscoe).
Normal Thallious Sulphate, T12S04 . This salt crystallizes in

rhombic prisms isomorphous with potassium sulphate, and has
a specific gravity of 6*6. 100 parts of water dissolve, according
to Lamy, as follows :

At 18 62 lor
T1

2
S04 48 11-5 19-3

Thallium sulphate melts at a red heat, decomposing on exposure
to air with evolution of sulpur dioxide.

Hydrogen Thallious Sulphate, H Tl S0
4 + 3H2O, crystallizes m

short thick prisms, which melt on heating, and then suddenly
decompose with evolution of vapours of sulphuric acid into the

normal sulphato.

Thallious Nitrate, Tl NO3 . Nitric acid attacks thallium more

easily than any other acid does. Thallium nitrate crystallizes
in opaque, white rhombic prisms, having a specific gravity of
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5'55. The crystals melt at 205, and on cooling the fused mass
solidifies to a glass-like solid. 100 parts of water dissolve,

according to Lamy :

At 18 58 107
T1N03 XO-67 43-48 588'2

It is insoluble in alcohol.

176 Phosphates of Thallium. These salts are isomorphous
with the analogous potassium compounds.
Normal Thallious Orthophosphate, TJ

3
P0

4 ,
is obtained in the

form of needle-shaped crystals by precipitating the corresponding

potassium salt with a thallium salt. It is also formed by the

precipitation of ordinary sodium phosphate, but this precipitation
is not complete (Lamy). 1 part dissolves at 15 in 201, and

at 100 in 149 parts of water (Crookes), It is easily soluble in

ammoniacal salts.

Monohydrogen Thallious Orthophosphate, HT1
2
P0

4 + H20, is

formed by neutralizing a boiling solution of phosphoric acid

with thallium carbonate. When evaporated to a syrup, the

concentrated solution deposits rhombic crystals. These lose

their water at 200, and when they are heated to dull redness, a

glassy mass of pyrophosphate remains behind.

Dihydrogen Thallious Orthophosphate, H
2
T1 P0

4
. This salt is

obtained when phosphoric acid is added to a solution of the

foregoing salt until the liquid exhibits a distinctly acid reaction.

It crystallizes in monoclinic pearly tablets, dissolves readily in

water, and on ignition it is converted into the glassy meta-

phosphate.
Silicate of Thallium. A solution of the hydroxide when

boiled with amorphous silica dissolves this substance, and when

the solution is evaporated a crystalline mass, having the com-

position T16 Si
]0
O

23 ,
= 3 T12O + 10 Si O

2 , and also containing

water, separates out. When thallium oxide is fused with silica

a yellow strongly refracting glass is obtained, which is occasion-

ally employed in place of lead silicate for optical glass.

Normal Thallious Carbonate, T1
2
C03 . Thallium hydroxide

readily absorbs carbon dioxide. Thus if the moistened metal be

allowed to lie exposed to the air, it becomes covered with needle-

shaped crystals of the carbonate. This salt crystallizes from

solution in water in glittering monoclinic prisms, which have a

caustic metallic taste and an alkaline reaction. 100 parts of

water dissolve, according to Lamy :
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At 18 62

T1
2
C0

3
5-23 1285

It is insoluble in alcohol. It fuses on heating and decomposes
at a higher temperature with evolution of carbon dioxide.

Hydrogen thallious carbonate appears not to be known in the

solid state.

Thallium Cyanide, Tl ON. This salt is obtained by mixing

strong solutions of potassium cyanide and thallium nitrate

(Crookes). It separates in shining glittering plates not very
soluble in water. When heated it decrepitates and melts easily,

volatilizing when strongly heated on platinum foil without

reduction and without acting on the platinum.
Thallium Monosulphide, or Thallious Sulphide, T1 9S, is a black

precipitate formed when sulphuretted hydrogen is passed into an

alkaline- or acetic-acid-solution of a thallious salt. If the solu-

tion contains a trace of free sulphuric acid, the sulphide separates
out in the cold in microscopic tetrahedrons (Hebberling). If

the sulphide or a mixture of the metal with sulphur be melted

in absence of air, a black glittering mass is obtained ori cooling

having a specific gravity of about 8, and a general appearance
somewhat like graphite. It is insoluble in water, alkalis, and

potassium cyanide. It dissolves with difficulty in acetic acid,

but readily, however, in mineral acids. The precipitated sul-

phide oxidizes on exposure with formation of sulphate, and
when heated in a current of hydrogen thallium remains

behind.

THALLIC COMPOUNDS.

177 Thallium Trichloride,, or Thallic Chloride, T]C1
3, is formed

when the mouochloride is treated with chlorine under water If

the solution be evaporated in a vacuum, colourless delique-
scent prisms having the composition Tl C1

3 + H2
are deposited,

"When metallic thallium is strongly heated in chlorine gas, a

yellowish-brown mass is obtained on cooling, which has the

composition 3T1 Cl + Tl C13 . This substance is difficultly soluble

in cold, but readily soluble in hot water, separating from this

solution in dark-yellow six-sided tablets closely resembling
lead iodide in their appearance. Ammonia decomposes it into

the monochloride and the tnoxide.

When the metal or the monochloride is carefully heated in
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a stream of chlorine the compound Tl Cl + Tl C13 is obtained,

and this on further heating is transformed into the foregoing

compound. If an alcoholic solution of the trichloride he

heated with alcoholic ammonia, a white crystalline precipitate

of (NH3)3T1C13 separates out; this is decomposed in contact

with water with formation of the violet-coloured trioxide :

2(NH3)3
T1 C13 + 3H2

= T1
2 3 + 6NH4

CL

Tliallic Sutyhate, T1
2(S04)3 + 7H

20, crystallizes on evaporation
of a solution of the trioxide in warm dilute sulphuric acid in

the form of thin colourless tablets, which are decomposed by
water with separation of the hydrated trioxide.

Thallic Nitrate, T1(N03)3 + 8H20, is deposited from a

solution of the oxide in nitric acid in colourless crystals,

which decompose on heating with water.

Thallium Trisulphide,, or Thallic Sulphide, T1
2
S3,

is formed when
the metal is fused with an excess of sulphur. It is a black

amorphous mass, which at a summer temperature is soft and

plastic like pitch. Below 12 it is "hard and brittle, exhibiting

a glassy fracture.

If 1 part of thallium sulphate be fused with 6 parts

of sulphur and 6 parts of potassium carbonate, and the mass

treated with water, a red crystalline powder remains behind

having the composition KT1 S
2

. This substance is not attacked

by caustic potash, but decomposes in presence of acids.

DETECTION AND ESTIMATION OF THALLIUM.

178 The salts of thallium are poisonous. The soluble salts

possess a disagreeable metallic taste. Their presence may be

readily detected by the beautiful' green colour which they impart

to a non-luminous gas-flame. The spectrum of this flame consists

of one bright green line having a wave-length of 5439, not

coincident with any line in the solar spectrum. It may be

readily separated from all the other metals by treating an acid

solution with sulphuretted hydrogen, filtering off the separated

sulphides, and precipitating the nitrate with sulphide of am-

monium, which throws down thallium sulphide as a black

precipitate. This precipitate may contain other sulphides ;
to

separate these, it is washed, dissolved in nitric acid, and the

boiling solution neutralized with sodium cai'bonate ;
on cooling,

platinum chloride is added, when a pale yellow precipitate of
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the double chloride of thallium and platinum, 2 Tl Cl + PtCl4 is

thrown down. This compound dissolves in 15,600 paits of cold

water, and hence may be employed for the quantitative deter-

mination of thallium. Thallium may also be precipitated by

potassium iodide as thallium iodide, which in presence of an

alkaline iodide is altogether insoluble in water.

TJic Atomic Weight of Thallium has been determined by
Crookes 1

by converting the metal into the nitrate, and the

sulphate into barium sulphate. Ten experiments gave numbers

lying between 203'628 and 203'666.

The position of thallium amongst the rnetals is a peculiar

one. On the one hand it possesses strong analogies with the

metals of the alkalis, such as potassium, yielding a soluble

strongly alkaline hydroxide, and a soluble carbonate and silicate,

and its sulphate unites with the sulphates of the magnesium

group to form double salts having the general formula Tl.,804 +
M"S0

4 + 6H
20, isomorphous with the corresponding potassium

and ammonium compounds. Besides, thallium can replace,

either partly or wholly, the alkali metals contained in alum, and,

like these again, it forms an insoluble platinum double chloride,

isomorphous, as are also the nitrate and phosphates, with the

corresponding potassium compounds. On the other hand, in its

physical properties as well as in those of its haloid salts, with

the exception of the fluoride, it closely corresponds to lead, and
it also forms a black insoluble sulphide. In consequence of

this peculiar behaviour, Dumas, on the occasion of the dis-

cussion of Lamy's investigation in the French Academy, termed
thallium the ornithoryncus amongst the metals.

1 Phil. Trans. 1873, p. 277.
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METALS OF THE COPPER GROUP.

Copper. Silver. Mercury.

179 THESE metals do not decompose water at a red-heat
;
each

forms several oxides, and they are easily oxidized by nitric

acicl and hot concentrated sulphuric acid. They are precipitated
in the metallic state from their solutions in presence of the

metals of the foregoing group.

COPPER. Cu = 63 -i.

Copper of all the metals is the one which was first employed
by man. This is explained by the fact that copper occurs in the

native condition, and thus requires no metallurgical treatment.

In the Hebrew Scriptures copper is termed Nchoshetli, a word

derived from the root nahdsh, to glisten. This is translated by
Xa\o9 in the Septuagint, and this again by aes in the Vulgate.

By both of the latter words the ancients understood not only

copper, but brass and bronze. Copper was afterwards specially

designated as acs cyprium, or simply cyprium, a name which

afterwards became cuprum.
Geber appears to have noticed that copper is easily attacked

by acid liquids, and hence it was termed meretrix metallorum by
the alchemists. Inasmuch as it was derived from Cyprus, copper
was considered to be the metal specially sacred to Venus, and in

the writings of the alchemists it is generally known by the

name of this goddess and symbolized by ?. Basil Valentine was

the first to note the power possessed by iron to precipitate

metallic copper from solutions of its salts. In his Last Testament

we read: "The cement or ley from Schniolnitz in Hungary
eats iron into slime, and when the iron mud is taken out of

the trough it is found to be good 9 (copper)." In his Curriis

Triumphalu Antimonii he says,
" From iron a ? (copper) can be
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got by natural means, as, for instance, by an acrid ley from

Hungary which gives to it (the iron) such a metallic colour that

it is converted into the best copper."

It would thus appear that this change was regarded as a trans-

mutation of iron into copper, and Paracelsus and many other

chemists seem to have held similar views with respect to this

reaction. Wedel in 1664- made special inquiry into the nature

of the wonderful transmutation of iron into copper by means

of this Hungarian liquor ;
and so late as 1690 Stisser, who was

professor of chemistry in Helmstedt, believed that the formation

of copper precipitate was a proof of the possibility of the tians-

mutation of metals.

It was long before these erroneous views concerning this pre-

cipitation of copper were corrected, although Van Helinont rightly

surmised that the copper exists in the solution from which it

is precipitated by the iron. Boyle first proved this to be the case,

and in his History ofFluidity and Firmness,
1

published in the year

1661, he describes the precipitation of copper from its solutions

by metallic zinc, and in 1675 in his Treatise on the Mechanical

Causes of Chemical Precipitation? explains the action of iron upon

copper solutions by the supposition that the solvent permits

the metal to be precipitated in order to take up the precipitant.

Copper occurs in the native state in various parts of the

world, especially, sometimes in enormous masses, in the copper

region of Lake Superior, where it occurs in veins traversing red

sandstone and trap. It is also found in the same condition in

Cornwall, the Faroe Islands, Siberia, and the Ural, and many
other localities in North and South America. Native copper
almost invariably contains small quantities of silver and a few

other metals, such as bismuth, lead, &c. Cupric oxide, CuO,
black oxide of copper, also occurs in nature, as tenorite or mela-

conite. Cuprous oxide, Cu.,0, cuprite or red copper ore, occurs

in larger quantities. Many other copper salts occur native. Of

these the most important are malachite, CuC03 + Cu(OH), ;

azurite or blue carbonate of copper, 2CuC03 -f Cu(OH) 2
. Copper

also occurs widely distributed in combination with sulphur as

vitreous copper, chalcocite, or copper glance, Cu.2S ;
covellite or

indigo copper, CuS ; copper pyrites, or chalcopyrite, CuFeS 2 ,
and

erubescite or purple copper ore, Cu3FeS3.

180 Copper-smelling. The methods in use for the extraction of

copper differ considerably, according to the nature of the ore

1
Op. i. p. 377. *

Of. iv. p. 329.
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from which the metal is to be derived. AYe shall here only

describe two of these dry processes, one the English method of

copper-smelting as carried on at Swansea and in Lancashire, and

the other known as the Mansfeld process in use on the Continent,

and especially applicable to working the cuprous schists of

Mansfeld in Prussia, which are as a rule poor in copper.

The English process is adapted for all kinds of copper ores,

and it is by this plan that by far the greater portion of the metal

brought into the market is smelted. The first operation is the

calcination of the mixed ores
;
these consist of copper pyrites

and copper carbonates, with iron pyrites containing silicates and

gangue usually of quartz.

The following is the average composition of the ores in use

in one of the Swansea copper-works (Phillips) :

Copper . 13

Iron 29

Sulphur 24

Silica 34

100

Figs. 86, 87, and 88 show the construction of the ordinary

calcining furnace. In some copper-works the furnaces are heated

with gas, Figs. 91 and 92, and Siemens's regenerative apparatus
has been successfully applied. The mixture of ore is brought on

to the bed of the furnace from the cast-iron trough, the bottom of

which is provided with two sliding-doors. From three to three-

and-a-half tons of ore is introduced by withdrawing these doors,

and then spread evenly over the floor of the furnace by long iron

rakes introduced through the working-doors, of which there are

three on each side. The ore is stirred occasionally with iron

paddles to expose a fresh surface to the oxidising action of the

hot air until after the lapse of from twelve to twenty-four hours

sufficient quantities of the oxides of copper and iron have been

formed. The roasted ore is then raked through the openings

(e e. Fig. 88), which had hitherto been covered by slabs of fire

brick, into the arched chambers (//, Fig. 87), where it is allowed

to cool before being transferred to the melting-furnace, the con-

struction of which is shown in Figs. 89 and 90, the bed being,

however, generally shallower than is represented.
Here the second operation is performed. This consists in fusing

the roasted ore with an admixture of metal slag derived from a
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subsequent process, and consisting chiefly of iron silicate, the

object being to obtain a fused mass or rcyulus consisting of a
mixture of the sulphides of copper and iron, termed coarse metal,

Fir,. 89.

ntimeter.i
.,, 0,5 ,.

FIR. 90.

whilst aslag is at the same time formed which consists of a silicate

of iron and contains little or no copper, and is called ore-furnace

slag. The temperature needed in this melting process is much
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higher than that required in the previous operation, and the

chemical changes which go on are simple enough. The copper

oxide of the roasted ore undergoes decomposition with a portion

of the sulphide of iron with formation of copper sulphide and

oxide of iron; this latter oxide then combining with the silica

present to form a fusible slag of iron silicate. In order to obtain

by this means an ore-furnace slag free from copper, it is found that

the mixture of ore brought into the furnace must not contain

more than 14 per cent, of copper. Whilst, on the other hand, the

percentage of copper ought not to sink below 9, otherwise the

consumption of fuel becomes extravagant. The coarse metal, or

crude copper sulphide, which usually contains about 35 per

cent, of copper and about 23 per cent, of sulphur, is nearly
of the same composition as copper pyrites, CuFeS2

. The fused

coarse metal is usually run off, after skimming, through the tap-

hole into water, and thus obtained in a granulated condition.

The third operation is to calcine the granulated or crushed

regulus, or coarse metal, for the purpose of oxidising that

portion of the sulphur which is combined with iron, so that

when again melted, in the fourth operation, with the addition of

roaster-slag, refinery slag, and oxidised raw ores, a nearly pure

copper sulphide, Cu2S, called white-metal or fine-metal contain-

ing about 75 per cent, of copper, is obtained. The melting-
furnace used in this last operation is identical in construction

with that employed in the first fusion, and the slags which are

formed chiefly consist of iron silicate, but contain some quantity
of copper, and are termed metal-slags, being employed, as has

been stated, in the first melting process.

The white-metal is then subjected to a roasting process carried

on in a reverberatory furnace in which air-holes are left. In

this way a portion of the oxide formed decomposes a part of

the sulphide, with production of metallic copper and sulphur
dioxide :

2Cu
2 + CuJS = 4Cu + S02 .

The metal thus reduced is filled with cavities, and hence it is

termed blister-copper. It still contains from 2 to 3 per cent, ot

impurities, chiefly consisting of iron and other inetaLs, and these

are removed in the sixth or last, or rcjininy process.
For this purpose the blister-copper is again fused in a

melting-furnace constructed like the others, except that its floor

is inclined towards a point near the door and near the chimney.
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Upon this floor a charge of about eight tons of blister-copper
ia brought, and the slags having been removed by skimming from

the surface of the molten metal, this is well stirred up, or

rabbled. The metal in this condition is termed dry copper. In

this state it is however unfit for use, as it contains a small propor-
tion of oxygen, in combination as cuprous oxide, which renders it

brittle. To eliminate this, the metal has to be toughened. This is

effected by covering the surface of the molten metal by a thin layer

of anthracite, which reduces the oxide contained in the surface

layer of metal, whilst that contained in the lower portions is re-

moved by plunging a young pole of green birch-wood into the

molten metal. Large volumes of reducing gases, consisting of hy-
drocarbons and carbon monoxide, are thus evolved, and the metal

boils up violently, the oxide being effectually reduced. After the

poled metal has remained quiescent for a few minutes a sample
is removed by the refiner, cast into a mould, and the casting first

half cut through with a cold chisel, and then bent backwards

and forwards until the piece breaks oil'. From the appearance
and colour of the fractured surface an experienced eye can at

once decide whether the copper has arrived, at what is termed

the tough-piteh. When, this is reached, the charge must be with-

drawn from the furnace as rapidly as possible and cast into iron

moulds, in order to prevent a second oxidation occurring. Some-

times the molten metal becomes what is called over-poled, and

if this be the case the metal must be exposed to the air for a short

time to bring it back again to the tough-pitch.

Figs. 91 and 92 show the construction of a melting-furnace
with a gas-generator (A) fired with coal which is filled from the

shaft (c). The air necessary for the combustion of the generated

gas is admitted by the opening (I V), whilst that required for the

oxidation of the charge enters by the openings (K K).

The subject of the toughening of copper and of the removal

of the non-metallic impurities contained in commercial copper,

is somewhat complex, and has received much attention from

metallurgists. From the experiments of Abel *
it appears that

toughened copper always contains a certain amount of oxygen

present as suboxide, and this agrees with the observation of

copper-smelters, who find that the whole batch may become

over-poled in a few seconds, this being explained by the fact

that the whole of the oxygen has been withdrawn. According to

1 Journ. Chew.. Soc. [2] li. p. 17'2.
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Hampe,
1 on the other hand, the phenomenon of over-poled

copper depends partly on the absorption of carbon monoxide and

hydrocarbons, and especially on the reduction of small quantities
of lead oxide and bismuth oxide, which the copper contains,
so that if these bodies are not present no over-poling occurs.

From the foregoing it will be seen, that there are at least six

operations in the English system of copper-smelting, which may
be summarized as follows :

Operation 1. Roasting the mixed ores.

2. Fusion of roasted ores yielding coarse metal.

3. Roasting of coarse metal.

4. Fusion of roasted coarse metal yielding white

metal.

5. Roasting of white metal yielding blister-

copper.

6. Refining and toughening of the blistered,copper

yielding marketable copper.

When copper is intended for rolling, it has long been the

practice to add a little lead to the tough-pitch metal, and

it has recently been proposed to improve the condition of

marketable copper by adding to it an alloy of phosphorus con-

taining 7 per cent, of the latter element
;
this alloy being added

to the metal in the proportion of 1 to 100.

181 Large quantities of copper regulus and of blister-copper

are now brought into this country from Chili, where the rich

Chilian ores are smelted. The process of smelting adopted there

is somewhat simpler than the English plan, as it consists in three

operations only ;
viz. (1) fusion of the ore for coarse metal or

regulus ; (2) roasting this coarse metal yielding a spongy regulus ;

(3) roasting this, as in process 5 of the English system, to yield

blister-copper.

The whole of the sulphur contained in the copper ore comes

oft' in the processes of roasting in the form of sulphur oxides,

and in most cases all this gas is discharged into the atmosphere
from the chimneys of the copper-works. This copper-smoke has

long been a source of a damage and annoyance to those residing

in the neighbourhood of the smelting-works, and many attempts

have been made to abate the nuisance by endeavouring to

condense the fumes, which not only contain large quantities of

1 Chem. CentralblaU, 1875, p. 378.
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sulphurous and sulphuric acids, but likewise arsenic trioxide and

sometimes hydrofluoric acid. The passage into the air of arsenic

trioxide, and of dust containing copper and other matters, may
be almost entirely avoided by allowing the furnace gases to pass

through long and wide flues before they reach the stack. But

Meter.

FIG.

the acid vapours cannot thus be condensed. For this purpose
the gases from the roasters may be passed into ordinary leaden

sulphuric acid chambers, together with steam and nitrous fumes,

and thus the sulphur dioxide condensed to marketable oil of

vitriol. This process is now carried out by some few copper
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smelters, especially by Messrs. Vivian at the Hafod works, and

by Messrs. Newton, Keates, and Co. at St. Helens. It is, however,

as yet found impossible thus to condense more than about 40

per cent, of the total sulphur gases sent off during the pro-

cesses of copper-smelting, for in certain of the operations, as

in the roasting of the white metal to yield blister-copper, the

temperature required to bring about the reaction is so high, and

therefore the dilution of the acid gases with air so great, that

it has not been possible to make vitriol with this product. Never-

theless, by the adoption of measures already shown to be feasible,

much of the nuisance and damage caused by copper-smoke can

be prevented.
182 The Mansfeldprocess of Copper-smelting. The well-known

cuprous schist or kupferschiefer of the Germans, has been worked

for copper for a long time. Agricola, writing in the middle of the

sixteenth century, describes the methods adopted in his time near

FIG. 94. FIG. 95.

Mansfeld for the extraction of the metal. The first operation
consists in the roasting or burning of the schist in heaps. In this

process the bituminous matter is burnt off, the water and arsenic

expelled, and a portion of the sulphur got rid of. In process No.

2, the roasted ore is mixed with about from 5 to 8 per cent,

of slag and fluor-spar, the yield being coarse metal and slag

containing very little copper. This operation is conducted in a

blast-furnace or cupola from sixteen to thirty feet in height,

supplied by air from two tuyeres, and the coarse metal, as it

forms, runs out of the furnace into basins placed to receive it.

The coarse metal, or
"
rohstein," containing from 20 to 60 per

cent, of copper according to the nature of the ore, is next roasted,

and the calcined ore melted for fine metal, or "
spurstein."

The Mansfeld ores contain silver, usually about 0'5 to 100 of

copper, and this is well worth extraction. In order to effect this,

the fine metal is ground between mill-stones, and the powder
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carefully roasted. In this process the copper is mainly converted

into an insoluble oxide, whilst the silver is all transformed into

the soluble sulphate, and can be completely extracted by lixi-

viation (Ziervogel). The insoluble copper oxide and sulphide

A 1

c--

FIG. 98.

termed "gaarrost" is thenfused withslag in a blast-furnace, closely

resembling that shown in Fig. 93, and a rich regulus of black

copper is obtained
;

it contains about 98 per cent, of copper, the
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remainder consisting of iron together with small quantities of

silver and antimony. The black copper is lastly refined in a

small furnace termed a refining hearth (Figs. 94 and 95), iii

which the impure metal is melted in contact with charcoal, a

blast of air being supplied by the tuyeres, and samples of the

metal being withdrawn from time to time to ascertain when the

process is complete. Tlie
"
rosette copper

"
thus obtained is,

however, not of the highest quality, and it must be subjected
to a process of toughening in order to enable it to attain its

maximum degree of malleability.

183 Wet Copper Extraction Process. No less than 500,000 tons

of iron pyrites, containing on an average 3 per cent, of copper,

are annually burnt in the sulphuric acid works of this country.

The residual oxide of iron, known as burnt pyrites, or blue billy,

is too poor in copper to render it possible to apply to it any
of the ordinary dry-smelting operations. Processes for accom-

plishing this end have been proposed by Mr. Longmaid and

Mr. Henderson, and are now carried out on a large scale, and

known as the wet copper extraction processes. These operations

depend upon the fact that if the ground-burnt ore be mixed

with from 12 to 15 per cent, of coarsely crushed rock-salt,

and the mixture properly calcined, the whole of the copper
is converted into a soluble cupric chloride. Tlie roasted

mass is then lixiviated, and the copper contained in solution

thrown down as metal by scrap-iron. The calcination is usually

carried on in long furnaces shown in Figs. 96, 97, 98, and 99, Ihe

mixture of ore and salt being introduced through hoppers placed

above the furnace
;
the temperature is kept at a dull red-heat

and the mass frequently stirred. The ordinary furnace charge

is 3 tons 5 cwts., and the operation lasts about six hours. It is

found that the success of the working of the process depends

upon the relative amounts of sulphur and copper existing in the

ore, the sulphur exceeding the copper by about a half per cent. It'

the proportion of sulphur in the burnt ore be less than this, a

sufficient quantity of raw pyrites must be added. During the

calcination considerable quantities of chlorine and hydrochloric
acid gases are evolved, together with some vapours of ierric and

cupric chlorides. In order to prevent these noxious vapours

from passing into the atmosphere, the exit flue from the furnace

is connected with a wash-tower filled with open brickwork,

down which a current of water passes. The precipitate of

metallic copper, thrown down from the liquors by scrap-iron,
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contains from 70 to 80 per cent, of copper, and it is either

smelted directly for blister-copper, or fused with the fine metal,

Cu.2S, of the dry process, then roasted, and afterwards worked up
to marketable copper by the process already described.

184 Another extraction process is that of Hunt and Douglas.
1

According to this process the ores containing carbonates or

oxides are simply heated, whilst those containing sulphides
must be roasted. The ore is then treated with a solution pre-

pared by dissolving' 120 parts of common salt or 112 parts

of calcium chloride, and 280 parts of sulphate of iron in 1,000

parts of water, and then adding 200 parts of common salt. The

process depends upon the fact that ferrous chloride, FeCl.,, is thus

formed, which in contact with common salt converts the copper
oxides into chlorides. If cuprous oxide is present, metallic

copper is at once precipitated :

3Cu2 + 2FeCl
2
= Cu

2 + 4CuCl + Fe
2 3.

Cupric oxide is decomposed as follows :

3CuO + 2FeCl
2
= 2CuCl + CuCl

2 + Fe.,O3.

Cuprous chloride being insoluble in water is held in solution

in the presence of the other chlorides, and then decomposed by
iron together with the cupric chloride.

185 Properties of Copper. Commercial copper usually contains

traces of the other metals wrhich are present in the ores, and in

addition to these not unfrequently arsenic, sulphur, and oxygen.
Pure metallic copper is obtained either by heating the pure oxide

in oxygen, or by the electrolysis of a solution of pure copper

sulphate by means of platinum electrodes.

Copper possesses a peculiar red colour and bright metallic

lustre. The true copper-red colour is, however, not seen by a

single reflection, and is only observed when the light entering
the eye has been many times reflected from the surface of the

copper. This is well seen if a piece of straight copper foil be

bent at an acute angle and held before the observer
;
the fine

deep red copper colour is noticed near the point at which the

two copper surfaces approach.

Copper is found crystallized in the native state in regular
octohedrons

; crystals of the same form are also found as an

artificial refinery product. If a piece of phosphorus be allowed

*
Engineering, xxii. p. 419.
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to remain for some months in contact with a clean copper wire

under a solution of copper sulphate, single octohedrons of

metallic copper are formed together with copper phosphide

(Wohler),
and a similar artificial formation of crystallized copper

is observed in Golding-Bird's decomposing cell,
1 as well as in

the cells of Meidinger's battery. In both these cases the metal

is deposited from solution very slowly.

Copper is one of the toughest of metals. It is very malleable,

and may be hammered or rolled into thin leaf (Dutch metal), or

drawn into fine wire. After hammering it possesses a finely

fibrous or silky fracture. Very slight admixture of other metals

makes it more brittle, and imparts to it a less distinctly fibrous

fracture. Native copper has a specific gravity of 8'94
;

cast;

copper, probably because it always contains small cavities,

has a specific gravity of 8'92
;
the rolled or hammered copper

8'95
;
and pure electrolytic copper 8'945 (Hampe). V^ry thin

copper leaf transmits a greenish-blue light. When a solution of

copper sulphate is allowed to remain in contact with pure zinc,

pure metallic copper is deposited as a fine spongy mass, which

after washing and drying forms a soft impalpable dark- red

powder.
The melting-point of copper is lower than that of gold but

higher than that of silver, being 7.045 (Carnelley). In the molten

state it possesses a greenish-blue colour. When heated at a tem-

perature just below that of its melting-point copper becomes so

brittle that it can be pounded in a mortar. On passing from the

liquid to the solid state copper expands. Molten copper possesses
the power of absorbing different gases, which are evolved in the

form of bubbles when the metal cools, or give rise to the peculiar

phenomenon known as
"
spitting," when a solid crust has already

been formed on the surface. Spongy copper absorbs at a red-

heat 0'6 times its volume of hydrogen, whilst copper wire

absorbs 0'308 times its volume (Graham). Copper can be

distilled in a stream of hydrogen at the temperature of the

electric arc.

Metallic copper is largely used for a great variety of technical

and domestic purposes, being especially valuable from its tough-

ness, as in the manufacture of tubular boilers. Next to silver,

copper is the best conductor of electricity, and hence pure

copper is employed for the wires of submarine telegraphs,

i Phil. Trans. 1837, p. 37.
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ELECTROTYHNG PROCESS.

186 Tt has already been stated that when copper sulphate

undergoes electrolysis, metallic copper is deposited on the

negative, and oxygen and sulphuric acid separated on the

positive pole, that is, if the poles consist of platinum or

other metal which does not undergo oxidation. If, however,

copper poles be employed as electrodes no oxygen is evolved
;

the positive pole is gradually dissolved and an equal quantity

of copper is deposited upon the negative pole. In the year

1836 De la Eue, when using a Daniells' battery, observed
" that the copper plate is covered with a coating of metallic

copper which is continually being deposited ;
and so perfect

is the sheet of copper thus formed, that on being stripped off

it has the counterpart of every scratch of the plate on which

it is deposited."
x This observation was followed up by other

physicists, and in 1839 Professor Jacobi of St. Petersburg

published his galvano-plastic process,
" a method of converting

any line however fine, engraved on copper, into a relief by

galvanic process, applicable to copper-plate engravings, medals,

stereotype plates, ornaments, and to making calico-printing

blocks and patterns for paper-hanging."
2 In the same year

Mr. T. Spencer of Liverpool read a paper on the "
Electrotype

Process," to the Liverpool Polytechnic Society, and also in 1839

Mr. J. C. Jordan published results of experiments made with

the same object.
3

Electrotyping in copper has become a most important branch

of industry, statues and other works of art being in this way
largely reproduced. Several of these made by this process in

the celebrated works of Messrs. Elkington of Birmingham, and

Messrs. Christophle of Paris, have attained colossal proportions.
For the purpose of' obtaining electrotype copies of statues,

busts, or similar objects, casts of the original in gypsum, or

models in gutta-percha, must be obtained, and the surface of

these saturated with linseed-oil or beeswax, and then carefully

coated with graphite so as to give its surface the necessary con-

ducting power. A number of "
guiding wires

"
are then attached

connected with all the most hollow or distant parts so as to .

1 Phil. Mag. [3] p. 484. * Athenmum, May 4. 1839.
:1 For a detailed account of these discoveries, see Grove's Art of Electro-

Metallurgy.
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obtain simultaneous and equal deposition of metal over the

whole surface, and the object is then immersed in a copper

sulphate solution and made the negative pole of a galvanic

battery of the requisite strength. The whole then soon becomes

coated with a thin film of copper ;
and the deposition is allowed

to go 011 until this coating acquires a thickness of about ^ of

an inch, being then of sufficient strength to retain its form when
the mould is removed. It is now lifted out of the vat, the

copper cut through at suitable places, the plaster core broken

away with great care and the whole of it extracted. The outer

surface of the copper form with the. wires attached to it is next

thoroughly varnished over in order to prevent any deposit

forming thereon. The inner surface, or the impression of the

object, is now exposed to the action of sulphuretted hydrogen
or dipped into a weak solution of potassium sulphide for the

purpose of preventing adhesion of the subsequent deposit.

Then the parts are again immersed in the depositing vat
;
this

is filled with the copper solution
;
and a plate of pure electro-

type copper is suspended within each portion and attached to

the positive pole. A deposit of pure copper is now formed over

the interior and this process is continued until the metal has

attained a thickness varying from one-eighth to one-third of an

inch, requiring a period of from three to four weeks. Each

piece is now removed from the liquid, washed, and the thin outer

first -shell of copper torn off; then all the parts of the figure

are nearly complete and ready for fixing together.

The method for the reproduction of fruit, flowers, insects,

&c., in copper may here be mentioned. For this purpose articles

of this kind, which are so fragile that they will scarcely bear

handling, are first coated with silver by means of a saturated

solution of silver nitrate in hot alcohol
;
the articles are dipped

for a moment into this solution, the alcohol evaporates and

the film of the salt left upon the object is reduced to metal by

bringing it into the vapour emitted by a solution of phosphorus
in carbon disulphide. The articles are then coated in a solution

of copper sulphate by the method already described.

For the purpose of covering iron, an alkaline solution of

copper cyanide in potassium cyanide is employed. On dipping

the iron or steel article into this solution a thin deposit of

copper is obtained, and upon this a coating of silver or gold can

easily be deposited. For the purpose of obtaining a thicker de-

posit of copper on iron, the operation is conducted as described
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and the object then placed in a copper sulphate depositing

bath. An improvement upon this process has been made by
Mr. H. Wilde of Manchester, by keeping the solution of copper

sulphate in a constant state of rotation
; by this means powerful

electric currents may be brought to bear upon small surfaces of

the metal without detriment to the quality of the deposited

copper, the quantity of copper which can be thus deposited in the

firmly coherent state is one pound per hour on the square foot

of surface, this being twenty times greater than when the solution

is allowed to remain at rest. The same observer notices that

if the iron be heated to a temperature of 90 before it is dipped
into the warm solution of cyanide, no hydrogen is deposited
with the copper, as is the case in the ordinary process, and hence

the metal adheres much more closely to the iron. These im-

provements are now successfully applied to the economical

production of coppered cast-iron rollers for calico-printing.

When a new pattern is required on the roller one-half of the

copper is turned off and restored to its original thickness by
deposit at a small cost. The maintenance of the rollers to

a standard size is an important advantage.
An important branch of electrotyping, is that by which wood-

cuts can be copied and their number thus indefinitely increased.

This is accomplished by obtaining a reverse of the wood-cut

in gutta-percha softened in hot water
;
the cast thus obtained is

then covered with finely divided graphite powder and placed as

the negative pole of a battery and allowed to remain in the

copper solution until the metal is deposited in a film of suffi-

cient thickness. It is then taken out, and, to give it the requisite

solidity, the back of it is filled with molten type-metal or with

fusible solder. In the same way engravings from either steel or

copper plates may be copied, and the same process can be

applied to type-metal, the galvano-plastic being used in some
cases in preference to the stereotype-process.

187 Copper Alloys. Many alloys of copper are of great tech-

nical importance. We shall here mention only the copper-zinc

alloys.

Brass, which has long been known, was up to the year 1780

always made by strongly heating copper together with cala-

mme and charcoal or coal. The coal reduces the calamine to

the metallic condition, and the zinc, instead of passing off

as vapour, combines with the copper, and forms brass.

At the present day, however, brass is prepared by adding
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the requisite quantity of metallic zinc to molten copper. The

composition of brass varies considerably ;
common brass, some-

times termed English brass, contains about two parts of copper
to one of zinc. When more copper is added the colour

becomes reddish. That containing about 80 per cent, of copper
is termed German or Dutch brass or tombac. On the other

hand, an additional proportion of zinc yields a light yellow
metal known as Muntz metal, an alloy which was first prepared

by Mr. Muntz, in the year 1832, and has since been very largely

used for the sheathing of ships. Another such- alloy named
Aich's metal from its inventor, is malleable when hot.

The following table gives the composition of a variety of

copper-zinc alloys :

Brass and the other copper-zinc alloys are all harder than

copper ; they are malleable and can be hammered and rolled

into thin plates and drawn out to fine wire
; they can also be

readily worked in the lathe. These properties, as well as its

beautiful colour, bright lustre, and cheapness, render it an alloy

most useful in the arts and manufactures.

COPPER AND HYDROGEN.

188 Capper Hydride, Cull. This compound, discovered by

Wurtz,
1
is deposited as a yellow or reddish-brown precipitate

when a solution of copper sulphate is heated with hypophos-

phorous acid to a temperature not exceeding 70. When raised

to a higher temperature the hydride decomposes into its con-

stituents. It ignites easily in chlorine gas, and is decomposed

by hydrochloric acid as follows :

i
Cmn.}>l. Rend, xviii. p. 102.
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2CuII + 2HC1 = Cu
2
Cl

2 + 2H2
.

The same compound is also formed by the action of sodium

hypophosphite on a solution of copper sulphate (Schiitzenberger).

COPPER AND OXYGEN.

189 These elements form four compounds as follows:

Copper tetrantoxide, (Ju
4
0.

Copper hemioxide or cuprous oxide, Cu
2
0.

Copper monoxide or cupric oxide, CuO.

Copper dioxide or cupric peroxide, Cu0.
2

.

Of these oxides the second and third have been long known,
as they are formed when metallic copper is heated in the air.

Copper scale, which falls from hot metallic copper when it is

worked with the hammer, is a mixture of these two oxides. The

portion of the scale next to the metal consists of the red

cuprous oxide whilst the outside portion is composed of black

cupric oxide. Dioscorides and Pliny mentipn the existence of

the red compound, indeed they distinguished two varieties, the

one obtained in the form of a finely divided powder by pour-ing

water on to the surface of freshly melted copper and tormed

Jlos aeris, and the other obtained as copper scale and termed

aeris squama. Geber explained the calcination of copper by the

combustion of the sulphur which this metal was suppose.'! to

contain (Vol. I. p. 5), and many later chemists speak of copper
as being more or less calxed. It was not, however, until the

year 1798 that Proust distinctly stated that the black and red

calces of copper were two distinct oxidation products.

Copper Tetrantoxide, Cu
40, sometimes termed quadrantoxide,

is formed, according to H. Rose,
1

by adding a solution of copper

sulphate to a dilute solution of dichloride of tin and caustic

potash keeping the mixture "well cooled. Copper hydroxide,

Cu(OH) 2 ,
is in this case first formed, and this is reduced by the

tin dichloride witli formation of potassium staunate :

4Cu(OH; 2 + 12KOH + SSnCl., = Cu
4 + 6KC1 +

3K
2Sn03 +1011,0.

Copper tetrantoxide is an olive-green powder which undergoes
no change under water if the air be completely excluded

1
Pixjg. Ann, cxx. 1.
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Exposed to air it rapidly absorbs oxygen. The composition of

this compound is ascertained from the action of dilute hydro-
chloric or sulphuric acid upon it, when the following decom-

position takes place :

Cu
4 + 2HC1 = Cu

2
Cl

2 + 2Cu + H20.

Cu
4 + H 2SO, = CuS0

4 + 3Cu + H2
O.

Copper Hemioxide or Cuprous Oxide, Cu
20. This oxide occurs

as cuprite or red copper ore, crystallizing in octohedrous and in

other simple or complex forms of the regular system. It

possesses a bright red or brownish red colour, frequently ex-

hibiting a diamond lustre
;

it also occurs in the massive state.

In the mineral chalcotrichite it forms a hair-like mass consisting
of small cubical crystals elongated in the direction of one of

the axes. Pure cuprite has a specific gravity of 5'75.

Cuprous oxide can be obtained artificially in a variety of

ways. Thus, if a thick copper wire be heated in a muffle for

half an hour at a white-heat, and then for some hours at a dark

red-heat, small dark crystals of the oxide are seen to cover the

surface of the metallic bead obtained (Marchand). Finely
divided copper is, however, converted into cuprous oxide at a

temperature below a red-heat, and if the metallic powder has been

obtained by reduction in hydrogen at the lowest possible tem-

perature, it combines with atmospheric oxygen on exposure to

air at the ordinary temperature. A solution of copper sulphate
to which an excess of caustic soda has been added yields a blue

solution with sugar, and this, when gently heated, deposits a fine

red precipitate of cuprous oxide, consisting of microscopic crystals

(Mitscherlich). It is obtained as a non-crystalline red powder

by gently heating a mixture of five parts of cuprous chloride

and three parts of sodium carbonate, in a covered crucible and

lixiviating the residue. Cuprous oxide is also formed by the

slow oxidation of the metal under water. Sage, in the year

1773, pointed out that the remains of a statue which had long

lain under water were partially converted into this oxide, and

J. Davy observed that an antique helmet found in the sea

near Corfu, was covered with crystals of metallic copper as

well as of cuprous oxide. It has also been obtained in the

crystalline state by the slow galvanic decomposition of copper

sulphate.
*

1
Golding-Bird, Phil. Trans. 1837, p. 37.

71
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Commercial cuprous oxide has a specific gravity of from 3
-34

to 3'37, and the more finely it is divided the finer red does its

colour become. It fuses at a red-heat and colours glass red.

This latter property was known to the ancients, and in the

middle ages many artificers understood the art of producing
the red copper glass. The knowledge of this process was, how-

ever, completely lost in later times, and it was not until about

the year 1827, that Bontemps in France and Engelhardt in

Germany succeeded in imitating this ancient red glass.

Cuprous Hydroxide, Cu
h 3(OH)2 =4Cu,O + H 2O, falls as a

bright yellow precipitate when cuprous chloride is decomposed

.by potash or soda. This precipitate contains only three per
cent, of water which cannot be driven off below 360. The

hydroxide easily absorbs oxygen and becomes of a blue colour

when exposed to the air. It dissolves in ammonia, as does

cuprous oxide itself, forming a colourless liquid, which, on expo-
'sure to the air, quickly oxidises and becomes of a dark blue colour.

190 Copper Monoxide or Cupric Oxide, CuO. This substance

occurs as black oxide of copper or mel aconite as a dark earthy
mass or, in bright lustrous laminae and more rarely in cubes.

It can be artificially produced by the gentle ignition of the

nitrate, carbonate, or hydroxide. Thus obtained it is a black

powder which cakes together when more strongly heated, and

fuses when the temperature is raised to the melting point
of copper. In this act 8'1 per cent, of oxygen is evolved

and an oxide remains behind which has ,,the composition
Cu

5 ;i

= CuO + 2Cu
2
0. If the amorphous oxide be ignited

with live times its weight of caustic potash it becomes crystal-

line, and regular tetrahedrons possessing a metallic lustre are

formed (Becquerel). In copper refineries the occurrence of a

crystalline oxide has also been observed. Copper oxide is

extremely hygroscopic and slightly volatile at the highest

temperature of a wind-furnace. When heated in the presence
of hydrogen, carbon monoxide, marsh-gas, and other carbon

compounds, it is easily reduced to the metallic state with for-

mation of water and carbon dioxide, and hence it is largely used

in the ultimate analysis of organic compounds. Cupric oxide

when brought in contact with fused, glass imparts to it a

fine light-green, colour;, this was known to the ancients as

well as to the later alchemists who rediscovered the fact, and

found that artificial emeralds could be prepared by means of

copper. Basil Valentine says "the emerald contains sulphur
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veneris," and the writers of the sixteenth century who treat of

the artificial production of gems all mention the fact that

copper calx colours glass green*

Cupric Hydroxide, Cu(OH) 2, is obtained as a light blue preci-

pitate by decomposing a solution of a copper salt in the cold

with an alkali. This precipitate, however, ajmost always con-

tains- a considerable quantity of alkali, and the hydroxide is

obtained in a purer state by adding sal-ammoniac to the solution

before precipitation, and then washing the precipitate well with,

warm water. The compound, after having been dried over lime,

"does not undergo loss of water on heating to 100, but if the

freshly precipitated oxide be boiled with water it soon becomes

-black being converted into a hydrate having the composition
Cu3 2(OH) 2

= Cu(OH) 2 + 2CuO. Copper hydroxide dissolves

readily in aqueous ammonia yielding a beautiful dark blue

liquid which is also produced when copper is allowed to remain

in contact with aqueous ammonia, and the liquid exposed to the

air. When largely diluted with water or treated with strong
caustic potash, cupric hydroxide separates out from the solution,

and on heating this, the black hydrate is precipitated. The

solution of copper oxide in ammonia possesses the property of

dissolving cellulose (cotton-wool, linen, filter-paper, &C.).
1

Malaguti and Sarzeau by evaporating a solution of cupram-
monium chromate obtained a mass of dark blue needles having
the composition 4NH3 + 3Cu(OH) 2 + 3H

2
0. These glow when

heated, metallic copper being left behind.2

Copper Dioxide, Cu02
H

20> is formed, according to Thenard,

by the action of dilute hydrogen dioxide on copper hydroxide
at the temperature of the freezing-point. It is a yellowish

brown powder which very readily decomposes into cupric oxide

and oxygen.

SALTS OF COPPER.

191 Two series of copper salts are known corresponding to

cuprous and cupric oxide.

, THE CUPROUS SALTS.

But few of these salts are known in the pure State, cuprous

oxide" being converted by the action of most acids either into

1
Schweizer, Journ. fract. CJiTii. Ixxii. 109.

8 Ann. Chin;. P;^. [3J i*. 433.
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metal and the monoxide which dissolves, or completely oxidised

into the latter compound.

Cuprous Chloride, Cu 2Cl2 . This substance was first obtained

by Boyle
l
by the action of copper on mercuric chloride. He

compared the substance thus obtained, which lie found turned

green on exposure to air, to resin or gum, and hence he gave to

it the name of resina cupri or cuprum gummatosum. Proust

obtained the same compound by the action of the dichloride on

the salts of the monoxide, and J. Davy showed that cuprous
chloride is formed together with the cupric salt when copper
foil or copper filings are thrown into chlorine gas, when they
burn with the evolution of a red light. If hydrochloric acid

be passed over hot copper contained in a glass tube this com-

pound is formed, and is seen to condense in transparent drops

(Wohler). In order to prepare it on a large scale, cupric chloride

is boiled with hydrochloric acid and copper filings or precipitated

copper, a few pieces of scrap platinum being added. The

filtered solution yields on the addition of water a white crystal-

line precipitate of cuprous chloride. This, on exposure to light

in the moist state soon becomes of a dirty violet tint, but if it

be dried in absence of air or light it then assumes only a faint

yellow colour on exposure to light. It crystallizes from hot

concentrated hydrochloric acid in the form of white regular

tetrahedrons. Cuprous chloride may also be obtained by

gradually adding a few crystals of potassium chlorate to a mix-

ture of hydrochloric acid and copper turnings until nearly all

the copper is dissolved, when the solution is poured into water.8

Another process consists in adding an intimate mixture of two

parts of copper oxide and one part of zinc-dust in small

quantities at a time to common strong hydrochloric acid until

cuprous chloride begins to separate out; more hydrochloric
acid is then poured in and more of the mixture added until

a sufficient quantity of the compound is formed. The pre-

cipitate is then allowed to settle and the cuprous chloride

precipitated by pouring the clear solution into water.3

Cuprous chloride has a sp. gr. of 3'7 ;
it melts below a red-heat,

solidifying to a brown mass. Its vapour density is 7'05 (V. Meyer).

Exposed tothe air it absorbswater and oxygen and is converted into

1 Considerations and Experiments about the Origin of Qualities and Forms,
1664.

*
Lnpton, CJicm. Keivs, xxx. 322.

* Heumann, Her. Vealtch. Chcm. Ges. vii. 720.
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green cupric oxychloride. The hydrochloric acid solution of

cuprous chloride absorbs carbon monoxide forming a com-

pound with it which separates out in scales having a mother-

of-pearl lustre, on saturating the concentrated solution with the

gas (Berthelot). This compound probably possesses the formula

COCu2Cl2 +2H2
0. Its composition has, however, not been

definitely ascertained owing to the readiness with which it

parts with carbon monoxide.

Cuprous Bromide, CuBr, is formed with ignition when bro-

mine is brought into contact with copper heated below a red-

heat. It forms a brownish crystalline mass which turns blue

on exposure to sunlight and has a specific gravity of 4*72.

Cuprous Iodide, Cul. This is the only known iodide of

copper. It is obtained by the direct combination of the two
elements being formed when they are heated together or when

copper is dissolved in a hot concentrated solution of hydriodic
acid. If potassium iodide be added to a solution of a cupric

salt, cuprous iodide is precipitated, half of the iodine being
liberated. The evolution of iodine can be prevented by the

previous addition of sulphurous acid or ferrous sulphate :

2CuS04 + 2FeS04 + 2KI = 2CuI + Fe2(S04)3 + K2S04.

Cuprous iodide is a white crystalline powder which undergoes
little alteration on exposure to light ;

and has a specific gravity
of 441. It melts at a red-heat, solidifying again to form a

brown mass which yields a green powder.

Cuprous Fluoride, Cu 2F2 ,
is formed by the action of hydro-

fluoric acid upon cuprous hydroxide. It is a red powder which

melts on heating to form a black liquid solidifying to a scarlet

mass. It dissolves in concentrated hydrochloric acid with a

black colour; on the addition of water it is precipitated as a

white powder which soon assumes a red colour.

Cuprous Sulphite, Cu 2SO3 + II 20, is formed by passing sulphur
dioxide into a mixture of water and ammonium cuprous-sulphite ;

on crystallizing, the salt separates out in red rectangular prisms.

When an excess of solution of ammonium sulphite is added to

one of copper sulphate, a yellowish brown precipitate is first

formed, but this disappears again on further addition of copper

sulphate and on warming. The solution then deposits ammonium

cuprous sulphite, (NH4) 2
SO3,

Cu 2S03 ,
in the form of colourless

six-sided scales. Another double salt, (NH4 ) 2SO3, 2Cu 2S03 , is

formed when a solution of copper sulphate is treated with a
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large excess of ammonium sulphite and a sufficient quantity of

sulphurous acid added to prevent the formation of a precipitate.

If the solution be then allowed to stand in a closed vessel the

above salt crystallizes out in bright white scales. The liquid

on heating yields a bright red powder or scales of cupric-cnpro-

sulphite, CuS03 + Cu
2
SOs+ 2H2

O.

Cuprous Cyanide, Cu(CN). When a solution of potassium

cyanide is added to a solution of copper sulphate a red precipitate

of cupric cyanide is first formed; cyanogen gas is given off

when the liquid is boiled and a white precipitate of cuprous

cyanide deposited. This same compound is formed by the

action of potassium cyanide on cuprous chloride, and also by

neutralizing aqueous hydrocyanic acid with potash and then

adding a solution of copper sulphate and hydrochloric acid.

This reaction may be employed for the detection of hydrocyanic
acid (Lassaiane) ;

it is however less characteristic than the

other reactions for this acid, because hydriodic acid produces
a similar precipitate of cuprous iodide.

Cuprous Thiocyanatc, Cu(SCN). Potassium thiocyanate gives
a black precipitate of cupric thiocyanate when added to a

solution of copper sulphate. This on long standing and wash-

ing is converted into white cuprous thiocyanate. If a reducing

agent such as ferrous sulphate or sulphur dioxide be present this

latter compound is at once precipitated. This reaction is often

employed for the separation of copper 'from other metals in,

quantitative analysis.

CUPRIC SALTS.

192 The anhydrous cupric salts are yellow or colourless
;
the

hydrated salts green or blue. They combine with ammonia in

different proportions forming peculiar compounds, of which

many dissolve in water with a deep blue colour. The normal

salts are generally soluble in water; the basic salts, on the

other hand, are usually insoluble. All the copper salts are

poisonous, causing vomiting ;
the soluble ones possess an un-

pleasant metallic taste and redden blue litmus paper.

Cupric Chloride, CuCi.2, is formed when metallic copper is

burnt in an excess of chlorine, or when the hydrated crystalline

chloride is heated. Cupric chloride is a dark-liver coloured

powder which on heating is converted into cuprous chloride
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Avitli loss of chlorine. It readily dissolves in water, forming
a greeii liquid which is also obtained by dissolving the oxide

or carbonate in hydrochloric acid. Ehombic prisms or needles

having the composition CuCl.2 + 2H
2 separate out on evapora-

tion. The concentrated solution of the hydrated chloride has

an emerald-green colour, and on dilution with water the colour

changes to a bluish-green. It is very deliquescent and is

soluble in alcohol, the solution burning with a line green flame

and giving a characteristic channelled-space spectrum.
Basic Cupric Chloride, or Copper Oxychloride, Cu3 2

Cl
2 +

4H 2
= 2CuO -f CuCl.2 + 4H2

0. This compound falls down as

a pale blue precipitate when caustic potash is added to an excess

of a solution of cupric chloride. When the compound is heated

it loses water and is converted into a brown or blackish powder,

and when moistened, this takes up three molecules of \\faier and

changes again to a green colour. When a solution of cupric

chloride is mixed with cupric hydroxide, or when an excess of

caustic potash is added to the solution of the former salt so as

to ensure complete precipitation, a compound having the com-

position Cu 4 3
Cl

2 + 4H2
is thrown down. This substance occurs

native in the form of a green sand composed of small rhombic

prisms found at Atacama, as well as in Peru, Bolivia, and other

places, and hence termed atacamite. According to Field, this

mineral is at the present day being formed on the south coast

of Chili by the action of sea-water on copper pyrites. The

same compound may be artificially obtained in the crystalline

state by heating common salt with anmioniacal solution of

copper sulphate to 100 (Debray), the decomposition being:

6NH3 + 4CuS04 + 2NaCl + 3H2
O = 3(NH4)3

SO4 +
Cu

4 3
Cl

2 + Na
2
S04.

This compound is also formed when copper foil exposed to

the air is repeatedly moistened with hydrochloric acid or

chloride of ammonium solution, or when a solution of copper

sulphate is boiled with, a small quantity of bleaching-powder

solution. The product obtained in the last process occurs in

commerce as a light bright green powder, used in the aits as

a pigment and known under the name of Brunsvnck green. On

heating it loses water and becomes black but regains the green

colour on moistening. Other oxychlorides of copper are also

known occurring partly as minerals and partly as artificial

products.
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Cupric Chloride and Ammonia. Anhydrous cupric chloride

absorbs ammonia, increasing in bulk and forming a blue powder

having the composition CuC^+GNHg. When ammonia gas
is passed into a hot saturated solution of copper chloride a

dark blue solution is formed which on cooling deposits small

dark blue octohedrons or pointed quadratic prisms having the

composition CuCl.2 + 4NH
3 + H2

O. Both compounds yield

a green powder when they are heated to 150, having the

composition CuCl
2 + 2NH3 ;

at higher temperatures nitrogen,

ammonia, and sal-ammoniac are given off whilst cuprous
chloride remains behind:

6(Cu01 2
. 2NH

3)
= 3Cu

2
Cl

2 + 6NH4
C1 + 4NH3 + N2 .

The action of water on this substance is to decompose it into

the foregoing compound which remains in solution, and into an

oxychloride having the composition Cu
5 4

01
2 + 6H

20, which

remains behind as a bluish-green powder.

Cupric Bromide, CuBr
2 , When cupric oxide in dissolved

in hydrobromic acid and the solution allowed to stand in a

vacuum over sulphuric acid, the anhydrous bromide separates
out in dark crystals very similar to those of iodine. These are

very deliquescent and on heating in absence of air decompose
into cuprous bromide and bromine.

Cupric Fluoride, CuF2 + 2H20, is formed by dissolving the

monoxide in hydrofluoric acid. On evaporation small trans-

parent blue crystals slightly soluble in cold water separate out.

These are decomposed at 100 with the separation of light green

oxyfluoride, Cu(OH) 2, CuF2.

193 Cupric Sulphate or Copper Sulphate, CuS04
. This body

has long been known under the name of blue-vitriol or copper-

vitriol, being found in solution in the drainage-water of copper
mines. Copper sulphate was for a long time confounded with

green-vitriol or iron sulphate, this being partially due to the fact

that both frequently appear in the same drainage-water and are

capable of crystallizing together. Basil Valentine appears to

have been the first to recognise the fact that both iron and

copper vitriol can occur together, for he says :

" Venus and

Mars can be brought back into a virtuous vitriol." The
alchemists frequently experimented upon such mixed vitriols,

as they believed that they contained the matcna prima employed
for the preparation of the philosopher's stone. Basil Valentine
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says
" where copper and iron are found together, there the seeds

of gold will not be far distant."

The artificial production of copper sulphate is first described

by Van Helmont in 1G64. He obtained it by heating copper
and sulphur together and moistening the residue with rain-

water. Glauber, in 1648, proved that it may easily be obtained

by boiling copper with oil of vitriol.

Copper sulphate is manufactured on the large scale in a

variety of ways. In Lancashire it is prepared in quantity from
roasted copper pyrites which is treated in leaden pans with
chamber-acid and steam, the copper oxide dissolving and the iron

oxide remaining to a great extent unacted upon. When copper
ores containing sulphur are carefully roasted the copper sulphide
is converted into copper sulphate, the iron sulphide being chiefly
converted into oxide. By lixiviating the residue a solution of

copper sulphate tolerably free from iron is obtained and this

may be purified by crystallization from the concentrated liquor.

The mother-liquors of the solution of copper sulphate obtained

in both these ways contain iron
sulphate together with copper

sulphate, and from these the copper is generally separated

by precipitation on iron plates. This precipitated copper, as

well as copper 'scale, and metallic copper obtained by other pro-

cesses, is used for the manufacture of copper sulphate by roasting
in reverberatory furnaces and dissolving the product in dilute

sulphuric acid. In case the metallic copper or the copper ores

contain gold or silver as is the case with that from the Harz,
the granular metal is treated in wooden vessels with dilute

sulphuric acid, which dissolves the copper and leaves the gold
and silver undissolved. This simple process, which was first

carried out at Mansfeld, is now generally employed not only
to separate other metals from copper but for the purpose of

working up the various copper residues for blue-vitriol.

194 The following process is adopted in Lancashire for the

preparation of sulphate of copper from argentiferous copper
ores. The ore is first oxidized by roasting in reverberatory

furnaces. The ground and roasted ore is then digested in

leaden vessels with sulphuric acid, the ore being added in small

quantities at a time. Nearly the whole of the copper dissolves

as copper sulphate together with a portion of the silver, arsenic,

antimony, and bismuth which the ore contains, whilst the lead,

a portion of the copper, and the gold, are thrown down. The

addition of ore is repeated until the solution is nearly neutral, or
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contains as little free acid as possible. The solution is next

boiled down to the crystallizing point and then run into large

tanks lined with lead, in which strips of metallic copper are

hung. Upon this metallic copper the whole of the silver

and a portion of the antimony and arsenic are deposited in the

metallic state. A considerable quantity of the bismuth separates

out as an insoluble basic sulphate, and any iron present is

reduced to ferrous salt. The copper sulphate solution, thus freed

from other metals, is then crystallized in similar large lead-lined

coolers being deposited upon strips of lead hung up in the

cooler. The crytals after standing are removed as a market-

able article. The mother-liquors pass back again to be mixed

with sulphuric acid and fresh copper ore and are thus worked

again. After a time the liquors become too rich in iron to be used

for the preparation of the pure sulphate ; they are then neutral-

lized with spent pyrites and boiled down
;

the crystals thus

formed of the mixed sulphates of iron and copper are sold as

agricultural sulphate of copper.

Cupric sulphate is also obtained as a secondary product in

the refining of silver
;
the silver is precipitated from solution

of the sulphate in the metallic form by a piece of copper and

pure cupric sulphate remains behind.

195 Copper sulphate crystallizes from warm saturated solution

on cooling in transparent blue triclinic crystals (Fig. 100) having
the formula CuS0

4 + 5H
2

and a specific gravity of 2-28.

100 parts of water dissolve, according to Poggiale, as follows :

At 10 20 30' 50 70 90 100

CuS04 + 5H
2

36-59 42-31 48'81 65'83 94'60 15644 203*32.

The salt is insoluble in absolute alcohol and only slightly solu-

ble in dilute spirits. When it is heated for

some time to 100 the hydrate CuS04 + H2

remains as a bluish-white powder, which at

a temperature of from 220 to 240 loses an
additional molecule of water leaving the

anhydrous salt behind. This forms a white

mass which is extremely hygroscopic, becom-

ing blue on absorption of water. This re-

action is sometimes used for the purpose of

ascertaining the presence of water in organic

liquids, as also for dehydrating the same. The anhydrous com-

pound may be obtained in the form of colourless crystals by
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acting upon copper with concentrated sulphuric acid in closed

vessels. The anhydrous as well as the hydrated sulphate absorbs

two molecules of hydrochloric acid gas with evolution of heat

and formation of cupric chloride and sulphuric acid. This same

decomposition takes place when copper sulphate is treated with

an excess of hydrochloric acid when the temperature sinks

and the salts dissolve with formation of a green liquid which

on concentration yields crystals of cupric chloride. This re-

action of copper sulphate is employed for separating hydro-
chloric acids from mixtures of gas, as for instance, from chlorine

or from carbon dioxide which has been prepared by means of

hydrochloric acid. Copper sulphate is largely used in calico-

printing, and in the preparation of the pigments of copper, as

Scheele's green and emerald green. It is also used in very

large quantity in the processes of electro-metallurgy.

Copper forms a series of basic sulphates. When the normal

sulphate is kept for several hours at a dark red-heat an

amorphous orange-yellow powder remains behind having the

composition SO^Q ~p No, which is decomposed in contact

with cold water into copper sulphate and an insoluble green basic

sulphate, CuSO^+SC^OH)^ By the action of boiling water

a salt having the composition CuS0
4 + 2Cu(OH) 2

is formed.

These as well as other basic salts are also obtained when a

solution of copper sulphate is treated under certain conditions

with potash or ammonia. Some occur as minerals; thus

brochautite is a native basic sulphate having the formula

CuS04 + 3Cu(OH)a ,
and occurring in bright green rhombic

tables. It can be artificially prepared by allowing a piece

of porous limestone to lie in a solution of copper sulphate.

Ammoniacal Compounds of Copper, When a solution of copper

sulphate is treated with ammonia a basic sulphate is first thrown

down. On further addition of ammonia this dissolves to a deep

pure blue liquid containing the compound CuS04+4 NH3+ H 20,

which was first described by Stisser in 1693 as an arcanum

cpilepticum and afterwards termed cuprum ammoniacale. In

order to obtain this compound in fine crystals a layer of strong

alcohol is poured on to the concentrated aqueous solution and

the whole allowed to stand : in this way azure blue transparent

very long and thin rhombic prisms are deposited. These on ex-

posure to the air lose ammonia and are gmdvally transformed into

ammonium sulphate and basic copper sulphate. Heated gently
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to 150 an apple-green powder of the composition CuS04

is obtained. Anhydrous copper sulphate absorbs dry ammonia

gas with evolution of heat, forming a fine blue powder consisting

of CuSO4+5NH3 ,
which like the foregoing compound on heating

to 200 forms the compound CuS04 + NFT3 (Graham).

196 Cupric Nitrate or Copper Nitrate, Cu(N03) 2 . In his

Furnis novis philosopKicis published in 1648 Glauber mentions

the fact that the solution of copper in nitric acid on evaporation

leaves a green residue, and Boyle in 1664 observed that crystals

can be obtained from the solution and that these have the power
of colouring the flame of a spirit-lamp green. In order to pre-

pare copper nitrate, copper scale or copper oxide is dissolved

in dilute nitric acid and the solution evaporated to crystalliza-

tion. In this way fine blue prismatic crystals, having the

composition Cu(N03\ 4- 3H2 are obtained which possess a

caustic metallic taste and cauterize the skin. At a very low

temperature the salt crystallizes with six molecules of water.

The anhydrous nitrate is not known, as the hydrated salt when
heated to 65 begins to lose nitric acid, a basic salt having the

composition Cu(N03) 2
-- 3Cu(OH) 2 being formed.1

Copper
nitrate is deliquescent and very soluble in water, and is

deposited as a fine crystalline powder when its concentrated

solution is mixed with nitric acid of specific gravity T522.2

The salt, owing to the ease with which it is decomposed, pos-

sesses strong, oxidizing properties. If paper be saturated with

the solution of the nitrate it takes fire on warming, and if some

crystals of the salt be wrapped up in tinfoil and rubbed, decom-

position begins, often accompanied with a rise of temperature
sufficient to cause emission of sparks.

3 If a solution of copper
nitrate be evaporated with one of ammonium nitrate decompo-
sition takes place at a certain degree of concentration attended

with violent detonations. Copper nitrate is used as an oxidizing

agent in the processes of dyeing and calico-printing, especially
in the production of catechu-browns, and in some steam colours

containing logwood.

197 Phosphates of Copper. Normal Copper Phospluite, Cu3(P04)2

+ 3 H
20, is best obtained by dissolving the carbonate in dilute

phosphoric acid and heating the solution to 70, when a fine blue

crystalline powder is deposited. On heating this with water in

closed tubes it decomposes into phosphoric acid and a basic salt

1
Graham, Phil. Tram. 1837, p. 57. 2

Mitscherlich, Pogg. Ann. xviii. ]59.
3
Higgms, Crell's C'tum. J. i. 171.
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P0
4
< (Debray), which latter occurs in nature as libethe-

nite. The artificial compound crystallizes in rhombic prisms,
and libethenite in dark olive-green prisms having a waxy lustre.

The same compound also occurs in the massive state.

Another basic copper phosphate is the mineral phosphochal-
cite or pseudomalachite ;

this occurs in triclinic emerald green

crystals having the composition P04(CuOH)3 . Other basic

phosphates of copper are known.

Arsenates of Copper. These salts correspond closely to the

phosphates. Several basic salts occur in the mineral kingdom.
The ortho-arsenate Cu 3(As04)2 + 2H2

O is obtained as a blue

amorphous powder by heating together copper nitrate and

calcium arsenate. Olivenite, As04
3 ~'* TT crystallizes in olive-
( CuOH,

green or brown rhombic prisms, and can be obtained artificially

by heating a solution of the ortho-arsenate to 100.

Clinoclasite, As0
4(CuOH)3 ,

forms dark green monoclinic

prisms possessing a pearly or vitreous to resinous lustre.

Copper Arsenite, CuHAs03 ,
was first obtained by Scheele

by precipitating a solution of potassium arsenite with copper

sulphate, and is still prepared by the same process. It is a

siskin-green precipitate, which is known as a pigment under

the name of Scheele 's green. The salt dissolves in caustic potash
with a blue colour and is then quickly decomposed on heating
with separation of copper oxide.

198 Silicates of Copper. Two silicates of copper occur as

minerals. Dioptase or emerald copper, H2
CuSi0

4,
is found in

compact limestone in the Kirghese Steppes and also in Siberian

gold-washings. It forms emerald-green crystals, assuming
tetratohedral forms of the rhombic system and having a specific

gravity of 3'3.

Chrysocolla, H2
CuSi0

4 + H20, exists as a bluish botryoidal

mass occurring with other copper ores. The name of chryso-

colla occurs in old writers arid serves to describe the most

diverse bodies. The word originally was used to signify the

substance employed for soldering gold (^p{5<ro?, gold, and *oXXa&>,

to cement) ;
and this being prepared from urine was probably

microcosmic salt which became coloured blue in the act of

soldering gold to copper or brass. The word then came to be

used for any greener blue substance, especially such as contained

copper ;
the confusion thus created was great, all blue or green



342 METALS OF THE COPPER GROUP.

minerals, such as emerald and malachite, as well as substances

which were employed for soldering, being termed chrysocolla.

Brochant, in the year 1808, first proposed to confine the use

of this name to the particular mineral.

199 Carbonates of Copper. We are only acquainted with basic

copper carbonates. Of these two occur in large quantity in the

mineral kingdom. Malachite, CuC0
3 '+ Cu(OH) 2,

forms mono-

clinic, frequently twin, crystals which are rarely perfectly

developed, simple crystals being seldom found. It also occurs

massive with botryoidal or stalactitic surface often fibrous and

frequently granular or earthy. Its colour is a bright green, and

its specific gravity varies from 3'7 to 4 -

01. Green malachite

accompanies other ores of copper, occurring especially in the

.Urals, at Chessy in France, and in Cornwall and Cumberland

in England. At the copper-mines of Nischne-Tagilsk, belong-

ing to M. Demidoff, a bed of malachite was found wliich yielded

many tons of the mineral. The fibrous varieties are frequently

deposited in different coloured layers which take a high polish,

and from these masses vases and other ornamental articles are

manufactured. It also forms a most valuable copper ore,

Crystals of malachite can be obtained artificially by allowing
a piece of porous limestone to lie in a solution of copper nitrate

having a specific gravity of I'l, until the stone becomes covered

-with basic nitrate and then bringing it into a solution of soda

crystals having a specific gravity of 1*04, when after a few days

malachite crystals are formed (Becquerel). AVhen a solution of

'copper sulphate is precipitated in the cold with sodium car-

bonate, a blue precipitate of CuC0
3 + Cu(OH) 2 + H2

is thrown

down. This on standing is converted into a green powder

having the composition of malachite. Verdigris or copper rust

formed by the joint action of air and water on copper possesses
the same composition as malachite.

Azurite or Azure Copper Ore, 2CuC03 + Cu^H)^ occurs

together with malachite and other copper ores forming shining
monoclinic tables or short prisms, and also as an amorphous or

earthy mass having a dark azure-blue colour. It possesses a

specific gravity of 3"5 to 3'83. If crystallized copper nitrate be

heated with pieces of chalk under a pressure of from 3 to 4

atmospheres a crystalline warty mass of azurite is formed

(Debray). Azurite dissolves in a hot solution of sodium bi-

carbonate and the solution on boiling deposits a green powder of

malachite.
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COPPER AND SULPHUR.

200 Cuprous Sulphide, Cu
aS, occurs in nature as chalcocite,

copper-glance, or vitreous copper in rhombic six-sided tables or

prisms having a metallic lustre which is often tarnished green or

blue and has a blackish lead-grey streak. It has a specific gravity
of from 5'5 to 5'8. The same compound is also formed as a black

brittle mass when copper is burnt in sulphur vapour, and when

large quantities of copper and sulphur are fused together. Mit-

scherlich in this way succeeded in obtaining this compound in

rhombic octohedrons. When finely divided copper obtained by

reducing the carbonate in hydrogen is mixed with milk of sulphur
in equal atomic proportions and the mixture dried over oil of

vitriol and then gently triturated in a mortar the constituents

combine as soon as a uniform mixture is obtained forming

cuprous sulphide, the combination being attended with such a

development of heat that the temperature of the mass is raised

to redness. 1

Cupric Sulphide, CuS, occurs in nature as covellite or indigo-

copper, occurring sometimes in hexagonal crystals but more

frequently in the massive state at Mansfeld, on Vesuvian lavas,

and in Chili. It has a semi-metallic lustre, an indigo-blue

colour and a specific gravity of 4*6.

This compound is prepared artificially by heating cuprous

sulphide with flowers of sulphur to a temperature not above

that of boiling sulphur (Hittorf). It also may be prepared by

triturating finely-powdered cuprous sulphide in a mortar with

cold strong nitric acid until the action ceases; the powder is

then washed, cupric sulphide remaining behind.2 It may like-

wise be obtained as a blackish-brown precipitate by passing

a current of sulphuretted hydrogen gas into a solution of a cupric

salt. The finely-divided moist precipitate , easily oxidizes on

exposure to the air. When cupric sulphide is heated in absence

of air it decomposes into sulphur and cuprous sulphide, and if

the ignition be conducted in an atmosphere of coal-gas the

cuprous sulphide assumes the crystalline form of chalcocite.

1 TVinkelblech, Ann. Pharm. xxi. 34.
2
Faraday, Quart. Journ. Sci. xxi. 183.
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COPPER AND NITROGEN.

201 Nitrogen gas does not act upon red-hot copper. Ara-

mouia gas treated in the same way undergoes decomposition

into its elements and the metal temporarily absorbs nitrogen

becoming porous or crystalline.

Copper Nitride, CusN, is obtained in the form of a dark green

powder by leading a current of ammonia gas over copper oxide

heated to 250. At a higher temperature than this the nitride

decomposes into its elements with ignition.

COPPER AND PHOSPHORUS.

202 These elements unite together at a red-heat (Marggrafl
When phosphorus is added to molten copper and the fused

mass stirred up until it approaches its point of solidification,

three distinct layers are formed. The uppermost layer con-

sists of a bright, very hard, brittle mass which contains seven

to twelve per cent, of phosphorus; the central layer, contain-

ing four to six per cent., is a grey granular mass, whilst the

lowest, existing in only small quantity, contains about 0'5 per

cent, of phosphorus. By melting these phosphides with copper

alloys containing any wished-for percentage of phosphorus may
be obtained. These melt at a much lower temperature than pure

copper even when the percentage of phosphorus is so low as 5.i

The tenacity of the copper is also considerably increased by the

presence of a small quantity of phosphorus, provided the metal

be cast in a chill. Percy,
2 who has examined the subject, has

shown that the presence of a small quantity of phosphorus in

copper has some effect in protecting the metal from the corrosive

action of sea-water.

Cuprous Phosphide, (Cu2)3
P

2, is formed when phosphuretted

hydrogen is passed over heated cuprous chloride, or when phos-

phorus vapour is passed gently over ignited metallic copper.

According to the temperature at which it is formed this com-

pound is either black, or grey, or forms a silver white mass with

metallic lustre. It is very brittle and when obtained at a high

temperature it forms a coherent mass capable of taking a polish.
1
Abel, Quart. Jo-urn. Chcm. Soc. [2], iii. 249.

2 Bra. Assoc. Reports, 1649 [2], p. 39.
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Tt is scarcely soluble in hydrochloric acid but dissolves
easily

in nitric acid.

Cupric Phosphide, Cn 3
P

2 , is formed when phosphuretted

hydrogen is passed over cupric chloride or by passing the same

gas into a solution of copper sulphate as well as when phos-

phorus is boiled with a cupric salt. Cupric phosphide is a

black powder, or, when prepared at a high temperature, a

greenish black metallic mass which, when ignited in hydrogen,
is converted into cuprous phosphide.

COPPER AND ARSENIC.

203 These elements combine in several proportions, whilst

certain copper arsenides are found as minerals; thus whitneyite,
(,'u

18As.,, occurring as a bluish red or greenish white amor-'

phous or crystalline malleable substance found in Michigan
and also in California and Arizona. Algodonite, Cu

12
As2 ,

found in Chili and Lake Superior, possesses a silver-white or

steel-grey lustre; and domeykite, Cu
6
As

, found at Portage

Lnke, lias a tin-white to steel-grey colour. According to Keinsch

the grey deposit obtained when metallic copper is placed

in a solution of arsenic trioxide in hydrochloric acid has the

composition CiijAsg, and this on heating is converted into

Cu
6
As

2
. When equal parts of arsenic and copper filings are

fused together, a white finely granular alloy termed white copper
is formed, having the composition Cu

4As. When arseniuretted

hydrogen is passed over dry cupric chloride the alloy Cu
3
As

2
is

formed.

DETECTION AND ESTIMATION OF COPPER.

204 Copper compounds colour the non-luminous gas flarnc or

the point of the blowpipe flame green or blue, especially in the

presence of silver chloride. The spectrum of this flame is a

banded one containing a large number of lines of which two in

the violet lying between the rubidium and ctesium lines are the

most characteristic. The spark spectrum of cupric chloride is also

rich in lines and contains very bright lines in the green (Lecoq
de Boisbaudran). When borax is moistened with any copper

salt and heated in the oxidizing flame a bead is obtained which,

when hot, is green and when cold possesses a blue colour
;

in the reduction flame, especially with the addition of a small

72
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quantity of tin or tin dichloride, the bead becomes red and opaque
with separatioa of metallic copper. Copper salts are thrown down

by sulphuretted hydrogen in the form of a brownish-black

precipitate
of CuS, which is slightly soluble in ammonium sul-

phide, but not in freshly prepared potassium or sodium sulphide.

The precipitated sulphide dissolves readily in warm dilute

nitric acid forming a clear blue solution which assumes a fine

dark-blue colour on the addition of ammonia. This reaction is

employed for the quantitative separation of copper from all other

metals. Copper can also easily be detected by the reduction

to the red metallic bead on charcoal before the blowpipe, or

upon the charred end of a lucifer match (Bunsen's test).

Copper is determined quantitatively either as oxide or as metal.

For the purpose of determining it as oxide, the boiling solution

of the copper salt is treated with a slight excess of pure potash

or soda, the precipitate repeatedly washed by decantation with

boiling water, then thrown on to a filter, again washed, dried, and

ignited. "When copper is determined in the metallic state the

solution must be free from nitric acid : this is attained by

evaporating repeatedly with hydrochloric acid or sulphuric acid
;

the solution is then brought into a platinum basin, a small

quantity of zinc added, and enough hydrochloric acid to set up
a slow evolution of hydrogen. The copper separates out partly
as a solid deposit on the platinum and partly in the form of a

spongy mass. When the whole, is thrown down and the zinc is

all dissolved, the copper sponge is pressed into a coherent form,

washed repeatedly by decantation with boiling water, dried in a

steam-bath, and weighed together with the tared basin. As pure
zinc is not always easy to obtain, cadmium or magnesium may
be employed instead. Satisfactory results are also obtained by

precipitating the metal by means of a galvanic current. This

method is made use of in copper works where a large number of

determinations have to be made each day.
The atomic weight of copper was determined by Berzelius by

reducing precipitated copper oxide with hydrogen ;
as a result

of two experiments he obtained the number 63 '15. By the same
method Erdmann and Marchand obtained as a mean of five

experiments the number 63'30, and Hampe, working with large

quantities and very pure materials, obtained by the reduction of

the oxide as well as by the electrolysis of copper sulphate the

atomic weight of 631 7.
1

1 Zeitsdi. Anal. Chemie, xiii 352, and xvi. 458.
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SILVER (ARGENTUM), Ag = 107 66.

205 Silver has been known from earliest times, and the oldest

names by which it was designated referred to its, bright white

colour ;
thus in the Hebrew Keseph, the root of which signifies

to be pale, whilst the Greek word apyvpos, silver, is derived

from p7<K, shining. The alchemists termed silver Luria or

Diana, and it is often represented by the symbol of the crescent

moon.

Silver occurs frequently in the native state, and is sometimes

found in considerable quantity ; thus, in the museum at Copen-

hagen is a mass of native silver found at Kongsberg in Norway
which weighs a quarter of a ton. and in South Peru masses have

been found which weigh more than 8 cwt., whilst at Idaho, at

the "poor man's lode" large masses of native silver have also

been obtained. Native silver usually contains gold, copper,
and sometimes mercury and other metals.

The most important ores of silver are : argentite or silver-

glance, Ag.2S; pyrargyrite, ruby-silver, or dark-red silver, Ag3SbS3 ;

stromeyerite or silver-copper glance, (AgCu) 2
S

; stephanite,

Ag5
SbS

4 ; polybasite, (AgCu)9(SbAs)S6 ; chlorargyrite or horn-

silver, AgCl. Of less importance are prousite or light-red silver

ore, Ag3
AsS

3, dyscrasite, Ag4Sb, silver bromide, AgBr, silver

iodide, AI, and others. Silver also occurs in sea-water, a fact

which was known to Proust in the year 1787.

206 Metallurgy of Silver. Metallic silver is prepared from its

ores according to three different processes ;
either it is alloyed

with lead and then the lead removed by oxidation, or it is

amalgamated with mercury and this removed by distillation
;
or

lastly, it is brought into solution as a salt and the metal pre-

cipitated by means of copper. The practical adoption of one or

other of these processes depends upon the nature of the ore, the

position of the mine, and the price of labour, fuel, &c.

It was by the first of these methods that the ancients extracted

silver from its ores, and this one remained for long the only

known process. Strabo describes the method adopted in Spain
for this purpose. The washed ore was melted with lead and

after this was got rid of (dTro\v6evTos TOV /j.<'\vj38ov) the pure
silver remains behind. Pliny also, though he did not under-

stand the nature of the operation, states that in order to obtain
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pure silver the ore must te cupelled together with lead; concern-

ing the silver ore he says,
"
excoqui non potest, nisi cum plumho

nigro aut cum vena plumbi et eodem opere ignium descendit

pars in plumbum, argentum autem innatat, ut oleum aquis,"

being an indistinct statement of the mode in which metallic

silver separates from the oxidized slag. This process was termed

by Basil Valentine "
Saigern

"
or "

eliquation."

The Cupellation Process. The principles upon -which the

process of cupellation depends have been explained under Lead,

(see p. 277). The chief object of this process is generally to

prepare silver, but in some cas^s the lead oxide or litharge is

the staple article required, and in this case the refining of the

silver becomes a secondary consideration. There are many
distinct forms of furnace, modes of refining, &c., in use, but only
two distinct methods of cupellation are employed, viz. : (1) the

English, and (2) the German system.

(1) The English Process. The peculiarity of this system is

that the cupel or porous hearth upon which the oxidation takes

place is moveable, the lead being added at intervals.

Figs. 101 to 105 inclusive, show the construction of the most

modern form of English cupellation furnace or refinery. Fig. 101

shows the side-elevation
; Eig. 102. the plan ; Eig. 103, a trans-

verse section in the line A. B
; Fig. 104, a transverse section in

the line C D and Fig. 105, the plan of the test and test frame.

The refinery consists essentially of a reverberatory furnace.

The metal to be refined is placed upon the hearth, or cupel, or

test (E). This consists of an oval wrought-iron frame (A.
A' Fig. 105)

about five feet long and two-and-a-half feet wide, which is crossed

by five iron bars (a). This frame is filled with finely-powdered

bone-ashes, moistened with a little water in which a small

quantity of potassium carbonate has been dissolved. This is

well solidified by heating, and is scooped out until it is about an
inch thick and has the form shown in the figure. A flat rim of

bone-ash is thus left all rdund, about two inches wide, except at

one end (E), called the front or breast of the cupel \vhere it is five

inches wide, and through this a channel (G) connecting the bed
of the cupel with the slot (G') is cut to allow the melted oxide of

lead to flow out into the wragon (i), beneath, without coming in

contact with the iron which it would corrode. The cupel thus

arranged is wedged up into its place in the furnace, of which it

forms the hearth (E), where it is so arranged that the Hame from
a coal fire lying on the bars plays over its surface, the door of
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the furnace being shown in Fig. 101, and the products of corn-

Lust ion escaping through the two flues (L and L' Fig. 103).

A blast, of air from the nozzle or tuyere (M Fig. 103), enters

the cupel at the side opposite that against which the breast of

the cupel is placed, a current of air being thus blown over the

surface of the lead at the rate of about 200 cubic feet per

minute. Opposite the door is a hood (N) for carrying the

fumes into the chimney. The temperature of the cupel is
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gradually raised to redness, and almost filled with the lead

to be heated, which is ladled in from the iron pot where it

has been previously melted by means of a fire placed be-

neath. Fresh lead is added from time to time to supply the

place of that which is oxidized, until at length a quantity of

lead originally amounting to about five tons is reduced to

between two and three cwt. This melted metal is withdrawn

FIG. 104.

by making a hole through the bottom of the cupel ;
the aper-

ture is afterwards closed with fresh bone-ash, and another

charge is proceeded with. When a quantity of rich lead suffi-

cient to yield from 3,000 to 5,000 ounces of silver, or from 93

to 155 kilos., has been thus obtained, it is again placed in a

cupel, and the last portions of lead are removed. It is found

advantageous to effect this final purification of the concentrated

silver-lead separately, because in the last stages of the operation

the litharge carries a good deal of silver down with it ; these
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portions of litharge, therefore, on being reduced, are again sub-

jected to the desilverizing process.

FIG. 105.

(2) The German Cupcllation Process. This differs from the

English inasmuch as the hearth is formed of clay instead of bone--

ash. It is made of large dimensions, and the whole of the charge
is placed on the cupel at once. The furnace used for this purpose
is shown in Pig. 106. The circular cover k, is movable for the

purpose of renewing the cupel. When all is ready, straw is

thrown upon the hearth, on to which the pigs of rich lead are

placed ,
the cover k is then lowered and the joints made good

with clay; the fire is lighted, and as soon as the lead is melted

its surface becomes covered with a dark crust termed "
abzug,"

consisting of the oxides of foreign oxidizable metals and other

impurities in the lead; this crust is skimmed off through the

working door (G) ;
the heat is then kept so as to maintain the

lead at a dark-red heat, whilst the impurities cease to separate

in the form of the scum. The next product which appears is

known as
"
abstich," or impure litharge, and at the end of two

hours the formation of the pure litharge begins, the temperature

being kept up at a cherry-red heat until the operation is

complete. Just before the last portions of lead are removed a

beautiful appearance, known as the fulguration of the metal,
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is noticed. Daring the early stages of the operation the film

of lead oxide is constantly being formed, and this is renewed

as rapidly as it is removed ;
but when the lead has all been

oxidized, the film of litharge becomes thinner and thinner, and

as it flows off a succession of beautiful iridescent tints due

to the colour of thin films (Newton's rings) are observed, and

after a few moments the film of oxide suddenly disappears

and the brilliant surface of the metallic silver is seen beneath.

FIG. 106.

It Las already been observed under lead that the cupellation

process can only be economically worked when the lead contains

more than one-tenth of a per cent, of silver. If the ore con-

tains less silver than this the silver must be concentrated either

by Pattinson's process or by melting with zinc. In the latter

process the product is either worked up by cupellation or the

silver is separated from the zinc by heating the alloy in a current

of steam and the oxide of zinc washed away from the metallic

silver,

207 The, Mexican Amalgamation Process. Although the

ancients were well acquainted with the power possessed by

mercury to dissolve gold and silver, it does not appear that they
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applied this knowledge to the extraction of silver from its ores.

This was first done in Mexico in the year 1557 by Bartholorneo

de Medina, and applied on the large scale in the year 1566.

The same process was employed at Potosi in Peru in 1574, and

fully described in 1590 by Joseph Acosta, in his Historia natural

y moral de las Indias. The identical method is still carried on

in Mexico, Peru, and Southern Chili, and is valuable for these

localities where cheap fuel cannot be obtained. The ores

which are worked by this process contain metallic silver,

sulphide of silver, chloride of silver, &c., these substances being
distributed in small masses through large quantities of gangue,
thus rendering it difficult or impossible to separate the ore by

washing.
The first operation in the process, which has to be carried on

in a country devoid of fuel and running water, and where, there-

lore, neither steam- nor water-power can be obtained, is the fine

division of the ore. This is effected by stamping- and grinding-

mills worked by horse- or mule-power, and termed arrastra.

Into these water and ore are brought and ground together to

a fine mud betwreen blocks of porphyry fastened to an axis

which is turned by the mules
;
the wet and powdered ore is

then brought on to a paved floor termed a patio, and mixed with

from 3 to 5 per cent, of common salt, and the salt thoroughly

incorporated with the mass by the treading of mules. After

standing for a day, mercury is added together with a substance

termed magistral, an impure mixture of cupric and ferric salts.

As soon as the magistral has been added, more mercury is poured

on, and the heap or torta is again trodden by mules to bring

about a thorough incorporation of the ingredients and thus

to effect the chemical decomposition which their contact entails.

The treading of the torta is generally performed by mules which

are blindfolded and tied together four abreast; one mule for

every two inontones (about three tons) is required at Guanax-

uato for the effectual treading of a heap. A driver, who stands

in the centre of the torta, guides the animals with a long halter,

causing them first to tread at the outer edge, and gradually

diminishing the radius of the circle described. The time

necessary for working a torta varies from fifteen to forty-five

days according to circumstances (Phillips).

As soon as the amalgamation is found to be complete, the

slimy mass is washed in buddies worked by mules, the lighter

particles of mud washed away and the heavier amalgam
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deposited. The amalgam is next filtered through canvas bags

to remove mechanical impurities, and then distilled by being

placed under a large iron bell luted at the bottom with water,

round the upper part of which a charcoal lire is lighted. The

silver which is then left behind, and termed platapifia, possesses

a white frosted appearance and is fused into bars in the usual

way.
The chemical reactions which occur in the process have been

investigated by Boussigault, Karsten, and other chemists, but in

spite of their investigations there still remains some degree of

doubt respecting the exact nature of the reaction.

The following is the probable explanation of the chemical

changes which occur. The first reaction is a double decomposi-
tion between the sulphates of iron arid copper and chloride of

sodium with formation of the chlorides of the metals. These

decompose silver sulphide into silver chloride :

2CuCl2 + Ag2
S = Cu

2
Cl 2 + 2AgCl + S.

The cuprous chloride then formed dissolves in common salt

and acts further upon the sulphide :

Cn2
Cl

2 + Ag,S = Cu
2
S -+ SAgCl.

The solution of the silver chloride in common salt is then

decomposed by the metallic mercury with formation of calomel

and metallic silver. All the mercury which is thus converted

iuto calomel is lost, and it amounts to about double the weight
of the silver obtained.

The European Amalgamation Process was introduced about

the year 1780, when v. Born established an amalgamation works

at Scheronitz in Hungary, whence it was introduced at a later

date to Freiberg and Mansfeld. This process, which is now no

longer worked, consisted in roasting the sulphurous ores

with common salt, in order to convert the silver sulphide
into chloride

;
the roasted and powdered mass was then brought

together with water, scrap iron, and mercury, into barrels which

were caused to rotate on a horizontal axis
;
in this way silver

chloride was decomposed and the metallic silver thus formed

dissolved out by mercury.
The American or WasJtoe Amalgamation Process. Owing to

the scarcity of fuel and labour in the Nevada districts, where

large quantities of both rich and poor silver ores occur, it was

found impossible to work the ordinary methods, because the
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preliminary roasting of the ore necessary in the barrel process
cannot be carried on, and the loss of mercury in the Mexican

process is too great to render that method applicable to the large

quantity of poor ore which the district yields.

This necessity led to the invention of a process of amalgama-
tion in iron pans, and is called, from the name of the district,

the "VVashoe Process. The richer ores of the Nevada mines

contain many other metals, and are usually roasted with common
salt in reverberatory furnaces and then amalgamated in barrels.

The poor ore, on the other hand, after having been stamped to

powder is then ground in cast-iron pans together with mercury
and hot water, with or without the addition of common salt and

copper sulphate. The amalgam is next washed, strained in

bags, and distilled in carefully-constructed cast-iron retorts, and

the silver which remains melted and cast into ingots. The

chemical changes which occur in this process of amalgamation
are similar to those taking place in the Mexican operation, but

as the ore contains a considerable proportion of native silver,

the presence of a copper salt is not so necessary, as under the

influence of heat and friction mercury and iron alone are

capable of extracting tlie silver. The loss of mercury in the

"Washoe method is much less than in the older amalgamation

operations, as it is chiefly mechanical, no mercury salt being

formed.

Another improvement is the addition of from 1 to 2 per cent,

of sodium to the mercury whilst the amalgamation is going on.

This depends upon the fact that pure mercury becomes covered

with a coating of mercury sulphide which divides the metal

into fine globules or makes it
"
mealy "; the addition of sodium

prevents this, as the alkali-metal decomposes the sulphide of

mercury with formation of sulphide of sodium and enables the

mercury to flow together into a coherent liquid mass.

208 Extraction of Silver in the Wet Way. Several of these

processes have now come into general adoption in Europe.

Ziervogel's process, now carried on in Saxony, depends upon the

fact that when copper argentiferous pyrites is roasted the copper

and iron sulphides are converted into insoluble oxides, whilst

the silver is converted into a s'oluble sulphate which is dissolved

out by lixiviating the roasted ore with hot water, the silver being

readily precipitated from this solution in the metallic state.

Percy-Patera Process, Another wet process in use at Joa-

chimsthal depends upon the following reactions, first suggested



358 METALS OF THE COPPER GROUP.

by Percy, and afterwards carried out by von Patera. The

argentiferous ore is first roasted with common salt, by which the

silver is converted into the chloride
;
this is then dissolved out

by a cold dilute solution of sodium thiosulphate, the silver in

solution being precipitated as sulphide by sulphide of sodium,

and lastly the sulphide of silver is reduced to metal by exposure
to a high temperature in a muffle furnace.

Claudets Process. The burnt pyrites of the sulphuric acid

makers not only contains, as we have seen, copper, but also small

quantities of silver, which occurs in the cupreous liquors in

the form of chloride dissolved in the excess of common salt.

Although the quantity of silver in the burnt ore does not

often exceed 12 dwts. to the ton, it is found possible to obtain

this economically in the form of insoluble silver iodide by

adding a solution of kelp to the tank liquor, a small trace of gold

being at the same time precipitated. The results obtained at the

/Widnes metal-works by this process show that 0'65 oz. of silver

and 3 grains of gold may be extracted from each ton of ordinary

Spanish pyrites, at a total cost, including labour, loss of iodine,

&c., of eightpence per ton, or 12'3 pence per ounce of silver

produced. If from this amount be deducted the value of the

gold, the expense of working a ton of ore is reduced to two-

pence ;
thus leaving a profit of about three shillings on each

ton of ore worked (Phillips).

209 Preparation of Pure Silver. The purest silver which

occurs in commerce contains traces of other metals. Stas'

classical researches on atomic weight determinations have shown
how difficult it is to obtain any substance chemically pure, and

this fact is especially well illustrated in the case of the purifi-

cation of silver, a metal which possesses such characteristic

reactions that one would suppose its separation in a state of

chemical purity to be an easy task, and yet this is far from

being the case. The best method for obtaining pure silver is

to dissolve ordinary silver in pure nitric acid, when a certain

quantity of gold remains undissolved. The solution is then

evaporated, and the residue fused in order to decompose any

platinum nitrate that may be present. The residue is next

dissolved in dilute ammonia, and the filtered blue liquid diluted

with enough water to bring the strength down to 2 per cent, of

silver. A sufficient quantity of normal ammonium sulphite is

now added to render the solution colourless on warming, and

the liquid is allowed to stand in closed stoppered vessels for
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twenty-four hours, when a third of the silver separates out in

the crystalline form. The liquid, which is still blue when cold,

is poured off and heated from 60
'

to 70, when the remainder of

the silver is deposited. In order to remove every trace of copper,
the metallic precipitate is washed with water and allowed to

stand for several days in contact with strong ammonia
;

it is

then again washed and dried and fused in an unglazed porcelain
crucible with 5 per cent, of fused borax and 5 per cent, of

sodium nitrate, and lastly it is cast in moulds which have been

lined with a mixture of burnt and unburnt porcelain clay.

The bars must then be cleaned with sand and heated with

potash to remove every trace of adherent silicate, and finally

washed with water.

Stas also prepared the pure metal from the commercial fine

silver as follows. It is first dissolved in dilute nitric acid
;
the

evaporated residue fused as long as red fumes are evolved.

The mass is then dissolved in water, filtered and diluted with

thirty parts of filtered rain-water to one of silver, and then the

silver chloride thrown down with pure hydrochloric acid, and

the precipitate washed first with dilute hydrochloric acid and

then with pure water. The precipitate is next dried and the

powder well rubbed up in a mortar. This is then repeatedly

digested with aqua-regia and afterwards well washed, and the

silver chloride reduced to metal by boiling with dilute chemi-

cally pure caustic potash to which milk sugar is added. The

reduced silver is washed with dilute sulphuric acid and water,

dried and fused.

Pure silver is used in the laboratory for volumetric analysis. It

is not necessary for this purpose to have it so pure as the metal

employed by Stas for his atomic weight determinations, and

it may be obtained sufficiently so by boiling the well-washed

silver chloride with caustic potash and sugar. The point of

complete reduction is ascertained by taking a small portion out,

washing it well with water, and dissolving in pure dilute nitric

acid; if the reduction be complete it will dissolve without

residue. The metal is then melted in a crucible together

with some pure sodium carbonate.

210 Properties. Silver possesses a pure white colour, and

takes a high polish. Of all the metals it is the best conductor of

heat and electricity, and is very tough and malleable, since (H

gram can be drawn out into a wire 180 m. in length and silver

leaf can be beaten out to a thickness of 0'00025 mm. In
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the finely divided state, as obtained by the reduction of the

chloride and other salts, silver presents the appearance of a dull

dark grey powder. Molecular silver, employed in organic chemis-

try, is obtained, according to Wislicenus,
1
by bringing zinc into

contact with finely-divided silver chloride which has been pre-

cipitated in the cold and washed until nearly free from acid.

In a few hours the chloride is completely reduced and the pre-

cipitated silver may be separated from the sheet zinc by washing,
and then treated with dilute hydrochloric acid to remove every
trace of zinc. It is then brought on to paper and dried in the

air and afterwards gently heated to 150. Thus prepared it is

a grey powder, possessing no metallic lustre, which, however, it

assumes when rubbed under a burnisher or heated to redness.

Silver is precipitated in very thin films in the form of a lustrous

metallic mirror-like deposit on glass from arnmoniacal solution

in presence of many reducing agents, especially organic sub-

stances
;

it then adheres to the glass and transmits blue light.

Metallic silver occurs native in regular octohedrons which

frequently occur macled; dendritic forms also frequently occur.

It has also been frequently found in the crystalline form in

silver melting furnaces.

Silver fuses at a temperature of 954 (Violle). In the liquid
state it possesses the power of absorbing oxygen from the

air, which it gives up on solidification. When a mass of the
metal is rapidly cooled the silver solidifies before the oxygen
has escaped from the interior

;
this gas then bursts through the

crusts, drives out part of the fused silver in globular masses and

excrescences; this peculiar phenomenon is well known as the
"
spitting "of silver. When charcoal powder is thrown on the

surface of the metal the charcoal withdraws the absorbed oxygen,
and consequently prevents silver from spitting. The same pre-
ventative effect is noticed when silver is fused under common
salt, but when fused under nitre the spitting takes place. The
presence of 5 per cent, of copper deprives silver of the power of

absorbing oxygen.
Silver begins to volatilize at a white-heat, and when heated

in a lime-crucible by means of the oxyhydrogen blowpipe it

may be readily made to boil. By this process Stas was able to

distil fifty grams of pure silver in from ten to fifteen minutes
;

no residue whatever was left behind, and a portion of the vapour,
which has a bright blue colour, was carried out by the current

1 Ann. Ckcm. Pharm. cxlix. 220.
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of oxygen gas, and rendered the air of the laboratory hazy, im-

parting to it a metallic taste. Distilled silver has a specific

gravity of 10'57n (Christomanos) ;
fused silver has a specific

gravity of from 10424 to lO'oll (Holzmann) ;
whilst silver

which has been exposed to pressure under the coining press
has a specific gravity of 10'57 (G. Rose.)

Pure silver is used in the laboratory in volumetric analysis
and also in the preparation of chemical utensils, as this metal is

not, like glass or platinum, attacked by fused caustic alkali.

SILVERING AND PLATING.

211 Objects made of copper or of brass, bronze, German silver,

or similar alloy are frequently silvered to give a bright and per-

manent surface to these inetals. If the covering of silver be

thick the gouds are said to be plated ;
if thin, they are said

to be silvered. Silvering may be effected either by a dry or

by a wet process. Dry silvering is effected by rubbing silver

amalgam on the, surface of the metal, which has previously been

cleaned by acids or by agitating the articles with this amalgam.
On heating, the mercury is expelled and a very thin film of silver

left behind, which, on. burnishing gives a bright silvery surface.

Instead of the amalgam, a mixture of four parts of precipitated

silver, sixteen parts of sal-ammoniac, sixteen parts of common

salt, and one part of corrosive sublimate is employed, mixed

together with water to form a paste. Wet silvering is especially

employed for the silvering of thermometer and barometer scales,

divided circles, and the like. One process is simply to clean

the surface of brass or copper by momentary immersion in nitric

acid, and then, after washing it with water, to cover it with a

mixture of equal parts of silver chloride and cream of tartar, or

equal parts of chloride of silver, common salt, and whiting.

The mixture is rubbed in until a sufficient deposit has been

obtained. A second process is employed for silvering small

articles such as pins, buttons, &c. : for this purpose a solution of

silver chloride in sodium sulphite or thiosulphate or in common

salt, or cream of tartar, is employed ;
a warm solution is used,

and the silver is instantly deposited upon the metallic object.

The platiny of copper is effected by polishing the surface of

the ingot which is to be plated, and then placing upon it a strip

of bright silver, the area of which is somewhat smaller than

that of the copper ;
the compound ingot is then exposed to a

73
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temperature slightly below the fusing point of silver, and by

hammering or rolling at this temperature the two metals are

sweated together, as it is termed
;
no soldering is employed in

this process ;
the ingot is then rolled until it is reduced to the

required thickness.

Electro-deposition of silver. The process of electro-plating

in silver was discovered by Messrs. Wright and Parkes of Bir-

mingham in the year 1840. They were employed during that

year in making experiments with a view of obtaining a bright

and firm deposit of metallic silver by an electro-process similar

to that by which Jacobi, Jordan, and Spencer had succeeded in

obtaining the deposition of copper. Their attempts however

were not completely successful, inasmuch as they either obtained

only a very thin coherent film, or else the whole of the silver

was thrown down in the form of a grey powder. At this junc-

ture Mr. Wright met with a passage in Scheele's Chemical

Essays, (pp. 404-6), which soon proved of the highest import-

ance to the commercial success of his undertaking, by enabling
him to obtain suitable deposits of silver and gold. Speaking of

the solubility of the oxides and cyanides of gold, silver, and

copper, Scheele says, "that if these calces (that is the cyanides
of gold and silver) have been precipitated, and a sufficient

quantity of the precipitating liquor be added in order to redissolve

them, the solution remains clear in the open air, and in this state

the aerial acid (that is, the carbonic acid of the air) does not

precipitate the metallic calx." *
Working with this idea, Wright

first employed a solution of chloride of silver in potassium

ferrocyanide and quickly got a thick deposit of firm and white

silver, a result which had never previously been obtained. Soon

after that he found that the solution of silver cyanide in cyanide
of potassium gave still better results

; and, submitting his results

to the well-known firm of G. K. and H. Elkington, a patent was
taken out, and this patent process proved to be the foundation

of all electro-plating of gold and silver because it included

the solutions of the alkaline cyanides, the only liquids which
fulfil all the necessary conditions. The silver-plating solution

consists of a solution of cyanide of silver in cyanide of potassium,
an excess of the cj^anide of potassium being added in order

that no cyanide of silver shall separate out on the positive

pole, which always consists of silver. The battery wires are

of copper covered with gutta-percha, the ends only remaining
1
Gore, Electro-Metallurgy, p. 19.
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free. The action which takes place in this electrolysis is

the same as that described under copper electro-plating. The

negative pole is connected with the object to be silvered, and

upon this the silver is separated, whilst at the positive pole

cyanogen is formed
;
this combines with the silver which forms

the pole, and the cyanide of silver thus formed dissolves in the

excess of potassium cyanide.
1

212 Silvering -of glass and mirrors. Many organic bodies

possess the power of precipitating silver in the form of a Ijighly

coherent mirror when brought into contact with an alkaline silver

solution
;
this mirror deposits in the form of a brilliant adhering

mirror-like coating. Of the many methods which have been pro-

posed for silvering on glass the first was one suggested by Liebig.
2

In this process a silvering liquid (A) and a reducing liquid

(B) are required.

In the preparation of the silvering liquid (A) the following

solutions are employed :

(1) A silver solution prepared by dissolving one part of

fused nitrate of silver in ten parts of distilled water.

(2) An ammonia solution prepared either by neutralizing pure
nitric acid with carbonate of ammonia and diluting it until the

liquid has a specific gravity of I'll 5, or by dissolving 242

grams of sulphate of ammonia and diluting to 1200 cc.

(3) A soda solution prepared from materials free from

chlorine and having a specific gravity of 1'OSO.

The silvering liquid (A) consists of 140 volumes of the silver

solution, 100 volumes of the ammonia solution, and 750 of the

soda solution. If sulphate of ammonia be employed this must

be poured into the silver solution and then the caustic soda

added in small portions at a time
;
the liquid is allowed to remain

at rest until it becomes clear and then drawn off with a syphon.
TJie reducing liquid (B) is made as follows :

(1.) 50 grms. of white sugar candy are made into a thin syrup
with water, and boiled for an hour with 3'1 grms. of tartaric

acid
;
this solution is then diluted with water to 500 cc.

(2.) 2-857 grms. of dry tartrate of copper are moistened with

water and caustic soda solution is added drop by drop until the

blue powder is completely dissolved, and the solution is then

diluted to 500 cc.

1 Further pnrtieulnrs respecting tins interesting process can be obtained in

Gore's Electro-Metallurgy.
2 Ami. Chem. 1'liarm. Suppl. v. 257.
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Thus the reducing solution (Z>) consists of one volume of the

sugar solution, one volume of the copper solution, and eight

volumes of water.

The glasses to be silvered are placed vertically one over the

other
; fifty parts of the silvering liquid (A}, poured in and

diluted with 250 to 300 volumes of water, and then ten parts

of the reducing liquid (#) added. In winter warm water

is employed, the temperature of the liquid being 20 to 28.

Optical glasses, especially specula of reflecting telescopes, silvered

by this process, are largely employed. They must be placed in

a horizontal position, so that they are only just covered by the

liquid, and the surface of the silver must permit blue light to

pass through it, be brightly lustrous, and so firmly attached

that it is not removed by polishing. It is a singular fact that

if too much copper be added no silver is deposited at all.

In another very good method of silvering glass, the following

solutions are required :

For the first solution lOgrms. of silver nitrate are dissolved in

80 cc. of water, and this poured into a rapidly boiling solution

of 8 grms. of Eochelle salt (potassium sodium tartrate), and the

solution filtered on cooling. The second solution consists of 1

grms. of silver nitrate dissolved in 80 cc. of water
;

to this

ammonia is added until the precipitated oxide is nearly re-

dissolved, and the whole is diluted to 960 cc. The silvering

liquid consists of equal volumes .of the two solutions.

The following are the directions given by Mr. John Browning
for Silvering Glass Specula.

Prepare three standard solutions :

f Crystals of. Nitrate of Silver, 90 grains.Y
Solution A

| pistUled Water ..... 4ounces3/

f Potassa, pure by AlcohoL .; .( I ounce.
Solution B

f Milk-Sugar (in powder) . . i ounce.

1 Distilled Water .

l*yf* . Bounces.

Solutions A and B will keep, in stoppered bottles, for any

length of time ; solution C must be fresh.
" To prepare sufficient of the silvering fluid for silvering an

8-inch speculum proceed as follows : Pour 2 ounces of

Solution A into a glass vessel capable of holding 35 fluid

ounces. Add drop by drop, stirring all the time (with a



rtCl

ci

ALLOYS OF SILVER. 365

glass rod), as much liquid ammonia as is just necessary to

obtain a clear solution of the grey precipitate first thrown

down. Add four ounces of Solution B. The brown-black

precipitate formed must be just re-dissolved by the addi-

tion of more ammonia, as before. Add distilled water until

the bulk reaches 15 ounces, and add, drop by drop, some of

solution A, until a grey precipitate, which does not re-dissolve

after stirring for three minutes, is obtained, then add 15 ounces

more of distilled water. Set this solution aside to settle. Do
not filter. When all is ready for immersing the mirror, add to

the Silvering Solution 2 ounces of Solution C, and stir gently
and thoroughly."

In all processes of silvering glass it is absolutely necessary
that the surface of the glass shall be completely clean, and in

order that the silver coating may be permanent, it is usual either

to varnish it or cover it with an electro-deposit of copper. This

however, must not be done, in the case of glass used for

specula, as the reflecting surface must in 'this case be of

silver.

ALLOYS OF SILVER.

213 The presence of small quantities of other metals, such as

antimony, arsenic, bismuth, tin, or zinc, as also that of a small

quantity of silver sulphide, renders silver brittle and liable to

crack when rolled. The alloys of silver and copper are the

only ones which are largely used in the arts. Almost all

commercial silver is alloyed with copper, as pure silver is too

soft for ordinary purposes as coining and jewellery work. The

dition of a small quantity of copper imparts to it a suffi-

cient degree of hardness, and makes it tougher as well as more

easily fusible. Thus for instance a wire of pure silver having
an area of 1 sq. cm. breaks with a weight of about 2,800 kilos.,

whereas if it be alloyed with 25 per cent, of copper and drawn

cold, ^will sustain a weight of from 6,000 to 9,000 kilos.
;
after

ignition it bagomes soft, and breaks with a weight of from 3,800 to

4,800 kilos, nt has been found that alloys of copper and silver,

however perfectly the metals may be mixed and melted together,

undergo on solidification a process of liquation, the upper and

the lower portions of the ingot differing in fineness from

002 to 015. Levol has shown,
1 that the only alloy of these

1 Ann. Chim. Phys. [3], xxvi. 220.
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metals which does not exhibit this peculiarity is one having the

specific gravity 9 9045, and the composition Ag6Cu 4
. If the

fineness be less than corresponds to this formula, the superficial

portion is richer in silver
;
when the percentage of silver is

greater than this the interior portions are richest. The fineness

of silver alloy is generally calculated upon a thousand parts ;

thus, for instance, the one above mentioned will have a fineness

of 750. The colour of the silver-copper alloys becomes more

and more red as the percentage of copper is increased, but an

alloy of 1 part of silver and 4 of copper does not possess the

true copper colour.

Silver Coin. The proportion of copper in the standard silver

used in different countries varies considerably. The English
standard coinage silver contains 7'5 per cent, of copper, or has a

fineness of 925
;
the specific gravity of the English silver islO'30.

In France three standard alloys are employed ;
one containing

950 per mille of silver for medals and plate ;
another containing

900 per mille for coin
;
and a third containing 800 per mille for

jewellery work. In Germany and Austria the standard for coin

contains 900 per mille of silver. The German alloy used for

silver-plating contains from 700 to 810 per mille of silver.

'The present composition of British silver coin is the same

as that issued in the time of Edward I., the alloy in this reign

containing 925 of fine silver, and being described as "the

old standard of England."

Up to the year 1851 the manufacture of coin was intrusted to

a private company termed the moneyers, who had to produce
coin varying within very narrow limits, the alloy thus produced

being compared with plate of standard silver termed "
standard

trial plates."

Since the above year the business of coining has devolved

upon the government, the Chancellor of the Exchequer being
Master of the Mint. The ancient ceremony of the "

trial of the

pyx
"

is however still carried on every year. This consists in a

public trial by competent assayed appointed by the freemen

of the Goldsmiths' Company of the coin (both gold and silver)

issued during the year. By this means the accuracy of the coin

both as to fineness and as to weight is ascertained, and this trial

served in former days as the only safeguard against debasement

of the coinage. The fineness of the coins is ascertained at the

trial of the pyx by reference to the trial plates whose corn-

position has been determined with the greatest accuracy.



SILVER. AND OXYGEN.

The following table gives the accurate composition of trial

plates of various dates, portions of which have been preserved

and recently analysed
l in the Royal Mint. The plates made in

former times, when no accurate means of analysis existed, show

considerable variation in the composition of the silver standard

plates, the standard prescribed by law being in each case the

same, viz., 925 :

Date. Fineness.

1477 923-5

1560 930-2

1660 924-2

1728 923-9

1829 925-0

1873 924-96

Silver is soldered by an alloy containing 6 parts of brass, 5 of

silver, and 2 of zinc.

SILVER AND OXYGEN.

214 Silver forms two oxides :

Silver hemioxide or silver oxide, Ag2O.

Silver peroxide or dioxide, Ag2O2
.

A third oxide known as silver suboxide was described by
"Wohler,

2 who obtained it by acting on different silver salts with

hydrogen, and by heating silver citrate in hydrogen, and treat-

ing the solution of the residue with caustic potash. Further

investigations by Bailey and Fowler and by Muthmann have

shown that such an oxide does not exist, the substance thus

described being a mixture of silver and silver hemioxide. The

peculiar red colour of the supposed solution of silver subcitrate

is due to very finely divided silver.

Silver Hemioxide, or Argentic Oxide, Ag.2O. This is the best

defined oxide of silver, and is usually simply called oxide of

silver or argentic oxide. It is obtained by precipitating silver

nitrate with pure potash or soda. Thus prepared it forms a

1 W. C. Roberts, Chcm. $oc. Journ, 1874, 197.

Ann. Chem. Pharm. xxx. 1.
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brown precipitate, which, when dried at a temperature of from

60 to 80, becomes almost black. When freshly precipitated

silver chloride is boiled with an excess of caustic potash, the

same oxide is obtained in the form, of a finely-divided bluish-

black powder. It is soluble in about 3,000 parts of water,

imparting to the solution a metallic taste and an alkaline

reaction. In the moist condition it absorbs carbon dioxide

from the air : it decomposes soluble chlorides with formation

of silver chloride, and precipitates the corresponding oxide from

solutions of many metallic salts. When heated to 250 it

begins to decompose and loses the whole of its oxygen at 300,
whilst in the presence of hydrogen it is reduced to metal at

100. When rubbed in a mortar with antimony sulphide, arsenic

sulphide, milk of sulphur, amorphous phosphorus, taunic acid,

or other easily oxidisable substances, ignition takes place.

Ammonio-Silver Oxide, or Berthollet's Fulminating Silver.

This compound was first obtained by the above-named chemist

in 1788, by treating silver oxide which had been precipitated

by lime-water with very strong ammonia. It is a black

powder, which in the dry state explodes most violently on

the slightest percussion, or even when touched with a feather.

When oxide of silver is dissolved in warm ammonia this com-

pound, whose composition has not yet been ascertained, is

obtained in black crystals having a metallic lustre. Raschig
has recently found that Berthollet's fulminating silver is the

nitride NAg3
.

Silver Dioxide or Silver Peroxide, Ag2O2
. The substance,

discovered by Hitter in 1814, separates out on the positive pole,

in the form of a black crystalline powder consisting of small

octohedrons, when a galvanic current is passed from platinum
electrodes through a solution of 1 part of silver nitrate in 8

parts of water. It may also be obtained as an amorphous crust

by using a silver plate as the positive pole, and allowing the

current of electricity to pass through dilute sulphuric acid

(Wohler). It is likewise produced by the action of ozone on

silver and silver oxide. When heated it easily decomposes into

oxygen and the metal. Hydrogen reduces it at a low tempera-
ture with a slight explosion. If brought in contact with sulphur
or phosphorus it deflagrates on being struck, and it dissolves in

aqueous ammonia with evolution of nitrogen :

3 Ag2 2+ 2 NH
3
= 3 Ag2 + 3 H,0 + Nr
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It dissolves in concentrated sulphuric acid, imparting to the

liquid a dark-green colour. The solution, which smells of ozone,
is tolerably permanent, but when diluted with water oxygen is

evolved and silver sulphate is formed. According to Berthelot

(Compt. Rend. xc. 653), this crystalline powder has the following

composition : 4Ag2 3 + 2AgN03 + H20.

SALTS OF SILVER.

215 The soluble silver salts have an unpleasant metallic taste,

and are poisonous.

Silver Chloride, AgCl, occurs as the mineral cerargyrite or

horn-silver, which crystallizes in octohedrons and other forms of

the regular system, but is more frequently found as a massive

wax-like mass, which generally has a pearl-grey colour, though
sometimes it possesses a whitish and sometimes a violet-blue

colour. It occurs at Andreasberg, mixed with alumina, as an

earthy mass which is called butter-milk ore, and this ore was
known to the older mineralogists. Gesner, in 1565, terms horn-

silver
"
Argentum cornu pellucido simile," and Matthesius, in his

Berg-Postilla, published in 1585, terms it "glass-ore, transparent
like horn in a lantern." The largest masses are brought from

Peru, Chili, and Mexico, and the mineral also occurs in Cornwall,

in Nevada, where it is abundant, in Arizona, and other localities.

The method of preparing silver chloride artificially was probably
known to the old alchemists, but it is first distinctly spoken of

by Basil Valentine, who says :
" Common salt throws down

})." This precipitate was afterwards termed Lac argenti, and

when it was found that it was fusible, and solidified to a trans-

parent horn-like mass, the name Luna cornea, first mentioned

by Croll in 1608, was gjven to it. Libavius stated that the

substance obtained by precipitating silver solution with common

salt weighed less than the silver itself, but this statement was

contradicted by Boyle ;
and Kunkel in his Ldboratorium Chy-

micum, speaking of this, says that many substances are difficult

to separate from one another:
" Such is seen in

]) cornea, as 12

loth J> retain out of the common salt, 4 loth terra and salt."

This determination is in fact very correct, for twelve parts of

silver form 15 94 parts of silver chloride.
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Silver chloride is formed, without the phenomenon of incan-

descence, when chlorine is passed over silver at a dull red-heat

(Stas). It is also formed by the action of hydrochloric acid on

the ignited metal, whilst on the other hand hydrogen is able to

reduce silver chloride to the metal (Boussingault). Aqueous

hydrochloric acid converts the surface of metallic silver into

chloride of silver, and common salt solution acts in a similar

way. Proust examined some piasters which had for many years

lain at the bottom of the sea, and he found that the whole of

the silver \vas converted into chloride. In order to prepare pure
chloride of silver a solution of the nitrate is precipitated by

hydrochloric acid or common salt; in this way a white curdy

precipitate is obtained which, on standing, or more quickly on

agitation, becomes powdery. This precipitate must be washed

and dried in absence of light. It has a specific gravity of 5'5.

On heating, silver chloride assumes a yellow colour, and melts at

450, forming a dark yellow liquid. This solidifies on cooling,

forming a botryoidal, colourless, tough, solid mass which refracts

Jiuht strongly, and is so soft as to take impressions of the nail.

The v.d. of silver chloride agrees with the former AgCl.
1

According to Stas 2 fused chloride of silver is absolutely in-

soluble in water at the ordinary temperature, or at any rate its

solubility does not reach the limit of our present tests for

chlorine which Stas places at 1 in 10,000,000. In boiling water,

on the other hand, it is slightly soluble. The precipitated

curdy chloride is also slightly soluble in cold water
;
its solubility,

however, is less when the precipitate has become powdery
either by standing or shaking. The solution becomes opalescent
on the addition of either silver nitrate or hydrochloric acid.

The presence of nitric acid does not affect the solubility of the

curdy chloride, whereas the solubility of the powdery form

increases proportionally to the amount of nitric acid added.

One part of silver chloride dissolves in about 200 parts of

concentrated hydrochloric acid, and in 600 parts of the acid

diluted with an equal bulk of water. Soluble chlorides, such as

sal-ammoniac and common salt, dissolve silver chloride tolerably

easily, and it is very soluble in ammonia, 12 88 parts of this

substance of specific gravity 89 dissolving 1 part of the chloride

of silver (Wallace and Lamont). On evaporating this ammonia-
cal solution silver chloride crystallizes out in glittering octo-

hedrons. It is likewise dissolved in quantity by mercuric
1 Zdt. rhys. Chan. 4, 207. a

Compt. Rend. Ixxiii. 998.
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nitrate and by potassium thiosulphate, with formation of silver-

potassium-thiosulphate, and potassium chloride. Potassium

cyanide also dissolves silver chloride.

When heated with charcoal before the blowpipe it is easily re-

duced to metal, but it is not decomposed when heated with charcoal.

Various metals, such as iron, zinc, &c., reduce the chloride to

the state of metal in the presence of water. This takes place

quickly especially in presence of hydrochloric acid and sulphuric
acid. It is also decomposed by mercury when a solution of

common salt is present. Cold sulphuric acid does not act upon
it, but it is decomposed slowly, though completely, by the boiling

acid with evolution of hydrochloric acid. 1 Concentrated hydrio-
dic acid decomposes it with evolution of heat into silver iodide

(Deville), and if moist, freshly precipitated chloride be treated

with a solution of bromide of potassium, or iodide of potassium,

it is completely decomposed into silver bromide or iodide.
2

100,000 parts of concentrated nitric acid dissolve 2 parts of the

freshly prepared silver chloride (Thorpe) ;
on boiling, it is de-

composed into nitrate with evolution of chlorine.

White silver chloride obtained by precipitation when exposed
to light is first coloured violet, then brownish grey, and after-

wards black. This alteration in colour was known to Boyle,
3

who, however, ascribed it to the action of the air. Scheele 4 after-

wards proved that it was only decolorised on exposure to light,

and he also showed that in this reaction hydrochloric acid was

liberated, and that on treating the residue with ammonia, black

flakes of silver remained behind. It was then believed that

both light and moisture acted upon the chloride, but Berzelius

showed that it is also blackened when exposed to light in

hermetically sealed glass tubes, in the perfectly dry state, and

proved that chlorine was liberated. He also pointed out that

no blackening takes place when the silver chloride is kept under

chlorine water, but that a discoloration begins as soon as the

whole of the chlorine has been converted into hydrochloric acid.

The same thing is observed when the chloride is exposed to

light under chloride of iron or cupric chloride solutions. It

has long been thought that the black substance thus formed was

sub-chloride, but according to the later experiments of Bibra,
5

it would seern that this is not the case, for although chlorine

1
Saner, Zeitftcti. Anal. Chenrie, 1873, p. 376.

2
Field, Quart. Journ. Chem. Soc. x. p. 234. s

Op. I. 756.
* Von der Luft und dcm Fewr, Leipzic, 1784, p. 64.
* Journ. Prud. Client, cxxii. 39.
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undoubtedly escapes, the quantity is so small that it cannot

be weighed.
It has also been noticed that the darkening of silver

chloride takes place much more rapidly when a substance is

present which is capable of combining with chlorine
;
this is

well seen in the case of staunous chloride, which possesses this

power in a high degree.
216 Silver Sub-chloride. A compound of the composition

Ag2
Cl was described by Wohler, who prepared it by the, action

of hydrochloric acid on the supposed silver suboxide and sub-

citrate. These compounds, however, have been shown to be

mixtures, and the subchloride is therefore probably also a

mixture. Silver subchloride, Ag2Cl, and silver subfluoride
}

Ag2F, have, however, been recently prepared by Giintz. 1

Silver Chloride and Ammonia, 2AgCl + 3NHr Glauber states

that a calx is formed when silver solution is precipitated by
common salt, arid he adds that the calx

"
readily dissolves in

spiritu wince, salis armoniaci, cornu Oervi, succini, fuliyinis et

capillorum, and may be used to form a good medicament."

Faraday,
2 first obtained this substance by the direct union of

ammonia and silver chloride by saturating dry precipitated

silver chloride with ammonia; 100 grains or 6'48 grams
absorbed 130 cubic inches or 213 liters of the gas. According
to Rose,

3 the increase of weight amounts to from 17'31 to 17'91

per cent., corresponding to the above formula. The absorbed

ammonia is again given off' at 37'7 (Faraday). When heated in

a closed tube for the purpose of obtaining liquid ammonia, the

compound fuses between 88
C
and 95, swells up, begins to boil at

99, losing ammonia and gradually becoming white. When a

solution of silver chloride in concentrated ammonia is allowed to

stand in an imperfectly closed bottle, large transparent rhom-

bohedrons are obtained which blacken on exposure to light, and

when acted on by air or water, give off their ammonia, being
converted into white friable chloride of silver. (Faraday).

Silver Bromide, AgBr, occurs in Chili and Mexico as the

mineral bromargyrite, being usually found in small yellow or

greenish masses, rarely crystalline. The mineral embolite is

a mixture of silver chloride and bromide, varying from three

of the latter to one of the former to the reverse proportion. It

likewise occurs in Chili and Mexico, and is very similar to the
1
Compt. Rend. ex. 1337, cxii. 861, 1212.

2
Quart. Journ. of Science, v. 74 (1818).

8
Pogg. Ann. xx. 157.
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foregoing mineral. When an excess of silver nitrate is precipi-

tated in the dark with hydrobromic acid, a white curdy pre-

cipitate is obtained which in contact with potassium bromide,
or on heating, becomes yellow. It is soluble in a hot solution

of hydrobromic acid, and in a solution of mercuric nitrate

separating out in octohedrons fr om these solutions on cooling.

It is scarcely soluble in dilute ammonia, but easily soluble in

concentrated ammonia. It melts, on heating, to form a reddish

liquid which solidities to a yellow lustrous mass
;
and this, when

heated in a current of chlorine, is slowly converted into

chloride. The finely divided precipitate suspended in water is

instantly decomposed by chlorine, and hydrochloric acid gas also

decomposes it at 700 with evolution of hydrobromic acid.

Whilst the fused bromide is hardly acted upon by light, the

precipitated salt is soon coloured a greyish-violet on exposure
to light; if, however, it contains a trace of free bromine, it

is unacted on. The action is also lessened by the presence
of nitric acid, whilst it is increased by the presence of silver

nitrate. Dry silver bromide absorbs no ammonia
;

l on the

other hand, the ammoniacal solution deposits on standing white

glistening crystals, and these lose on heating ammonia. 2

217 Silver Iodide, AgT. This salt occurs as iodargyrite, in

Mexico, Chili, Spain, and in the Cerro Colorado Mine in Arizona,

in the form of slightly elastic hexagonal tables. Silver com-

bines directly with iodine on heating. The metal also dissolves

in hydriodic acid, with violent evolution of hydrogen, and if

the liquid be warmed, as soon as the action becomes lessened

the evolution again increases, and on cooling colourless crystal-

line scales separate out. These on exposure to air decompose

quickly, and probably possess the formula AgT,HI. The

mother-liquor on standing, deposits thick hexagonal prisms of

silver iodide.3 The same compound is formed by the action of

concentrated hydriodic acid on silver chloride. It is also formed

by the treatment of the chloride or bromine of silver with

aqueous potassium iodide, and other soluble iodides which

decompose silver chloride and bromide, silver iodide being

deposited as a light yellowish powder. It malts at a dull red-heat

forming a yellow liquid,
which on further heating becomes red

and then a dark reddish-brown colour, and on cooling solidifies

to a yellow soft mass having a specific gravity of 5'687 at

1
Rammelsberg, POM. Iv. 248. !

Liel'ig, Schweiq. Journ. xlviii. 103.
3 H. Deville, Coinp. Rend, xxxii. 894.
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(Deville), whilst the crystalline variety has at 14 a specific

gravity of 5669, that of the precipitated salt being 5'596

(Damour). An interesting fact with reference to the abnormal

expansion and contraction of silver iodide by heat has been

observed by Fizeau; 1
it contracts when heated from -10 to

-f 70, and expands on cooling. This is explained by Rod well,
2

by the fact that silver iodide exists in two allotropic modifica-

tions.

Pare silver iodide is left unaltered by the action of direct

sunlight. If, however, it be precipitated fro ID an excess of

silver nitrate so that traces of this salt are carried down with it

it becomes coloured green on exposure to light, and in presence

of more silver nitrate, a deep greyish-black colour is attained,

although no loss of iodine is observed (Stas). Iodide of potas-

sium and nitric acid having a specific gravity of 1 '2 have the power
of reproducing the yellow colour. The changes effected by light

upon silver iodide are brought about chiefly in the presence of

substances which have the power of combining with a portion of

the iodina Ammonia changes the yellow colour of silver iodide

to white and dissolves it very sparingly. It differs from the

chloride and bromide of silver, inasmuch as it is diffici\ltly

soluble even in concentrated ammonia. According to Wallace

and Lamont, one part of the iodide dissolves in 2493 parts of

ammonia of specific gravity 0'89. It is tolerably soluble in a

strong solution of potassium iodide, from which solution it is

precipitated on the addition of water. A hot solution of potas-

sium iodide saturated with silver iodide, deposits on standing
white needles of a salt having the composition AgI,KI. When
silver iodide is gently heated in chlorine gas, it decomposes into

silver chloride and the same reaction takes place when it is

treated with dry hydrochloric acid at 700, (Hautfeuille). It is

only incompletely reduced in a current of hydrogen even when

exposed to a white-heat (Vogel). The dry precipitated iodide

absorbs 3'fiper cent, of ammonia gas forming a white compound,

2AgI,NH3, which on exposure to air gives off ammonia and
turns yellow again.

3

Silver Fluoride, AgF, is obtained by dissolving silver oxide or

carbonate in aqueous hydrofluoric acid and evaporating to dryness.

Hydrofluoric acid does not act upon metallic silver. If the

solution is allowed to evaporate in a vacuum, colourless lustrous,

1
Comp. Rend. Ixiv. 30 1

2
Ckem, News, xxxi. 4.

*
Ratnmelsberg, Pogg. xlviii, 170.
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deliquescent, quadratic pyramids are deposited, having the com-

position AgF + H2 (Marignac). The concentrated solution

when allowed to stand exposed to the air, deposits hard trans-

parent prisms of the compound AgF -f 2H20, which are nearly
as deliquescent as calcium chloride. It is extremely difficult

to obtain silver fluoride in the anhydrous state. The hydrate

AgF + H2 decomposes when dried in a vacuum and yields a

brown amorphous mass which still contains T5 per cent, of

water, and dissolves in
-85 parts of water at 15'5. When

heated to the melting point of lead in a covered crucible, 0'5

per cent, less than the calculated quantity of water is given off

together with some hydrofluoric acid and oxygen :

2AgF + H2
= Ag2 + 2HF + 0.

This decomposition goes on until all the water is driven off and

the salt melted, and from this point it can be heated in

absence of air up to the melting point of silver without any
further decomposition taking place.

1 The fused salt solidifies

to a. black mass which is elastic and may be cut with scissors.

In the fused state it conducts electricity without being decom-

posed. The dry pulverulent salt absorbs 844 times its volume

of ammonia.

218 Silver Chlorite, AgCl 2 ,
is obtained by precipitating a weak

alkaline solution of a chlorite with silver nitrate. It forms a

crystalline powder which separates from a solution in hot water

in crystalline scales. These deflagrate when moistened with

concentrated hydrochloric acid or when heated to 105; they
also take fire when mixed with sulphur (Millon).

Silver Chlorate, AgCl 3
. This salt is obtained when chlorine

is passed into water through which silver oxide is diffused
;

until bubbles of oxygen are evolved
;
the chloride of silver is

filtered off and the liquor evaporated to its crystallizing point.

The filtrate first contains silver hypochlorite, which however

decomposes in the dark at GO as follows :

3AgCl O = 2AgCl + AgC103
.

The chlorate may also be obtained by dissolving silver oxide in

chloric acid, the action being accompanied with evolution of

heat. It crystallizes in white opaque quadratic prisms, having
a specific gravity of 4'43. These dissolve iu about 10 parts of

cold water and melt at 230"
;
when further heated tc 270 they

1
Gore, Phil. Traits. 1871, p. 321.
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give off oxygen and a trace of chlorine. When mixed with

sulphur it detonates with the utmost violence on friction.

Silver Sulphite, Ag2S03,
is a white curdy precipitate almost

insoluble in water and sulphurous acid, decomposing when heated

to 100 into silver and silver sulphate.

Normal Silver Sulphate, Ag2
S0

4
. This substance was obtained

in solution by Glauber, for he states in his FUTKIS novis philoso-

phicis (1648),
" Dissolve rasuram ]} in a rectified oil of vitriol,

with the addition of a sufficiency of water, but not so much as

in the case of Mars or Venus. Or, still better, dissolve a calx

of
])
which is precipitated from aqua fortis, either by copper

or by spirits of salt."

It is best obtained by heating the reduced metal with sulphuric

acid, or by dissolving the carbonate in dilute sulphuric acid. It

crystallizes in the rhombic system, the small crystals being

anhydrous, and shining. They are isomorphous, with anhy-
drous sodium sulphate,

1 and have a specific gravity of 54 and

dissolve in about 200 parts of cold and 68'35 parts of boiling

water. In consequence of the difficult solubility of the salt, it

is obtained as a precipitate when sulphuric acid or a soluble

sulphate is added to a silver solution, and this fact was known to

Boyle.
2

It is easily soluble in water containing sulphuric acid,

and still more soluble in nitric acid. It also dissolves readily

in strong sulphuric acid, being precipitated from this solution on

the addition of water. It fuses at a dark red-heat and decom-

poses at a' very high temperature into metal, oxygen, and

sulphur dioxide. When dissolved in less than three parts of

sulphuric acid, light yellow prisms of hydrogen silver sul-

phate, HAgS04 ,
are obtained.

Silver Thiomlpliate, AgoS2 3 ,
is obtained by adding a

moderately dilute solution of silver nitrate gradually to an

excess of concentrated solution of sodium thiosulphate, washing
the precipitated grey mixture of thiosulphate and sulphide with

cold water, extracting the thiosulphate* with ammonia, precipi-

tating it as quickly as possible by exact neutralization with

nitric acid and quickly drying it by pressure between filter

paper.s It forms a snow-white powder, having a sweet taste,

and is slightly soluble in water, and in the moist condition

1 Mitscherlich, Poyg. xii. 138.
12 " Considerations and Experiments touching the origin of qualities and

forms," Boyle, Op. iii. 66.

Herachel, Edin. Pinl. Jonrn. I. 26 ; II. 1M.
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it easily decomposes into sulphuric acid and sulphide of

silver (liose) :

Ag2
S
2 3 + H2

= Ag2
S + H.,S0

4
.

Silver Sodium Thiosulphate, AgNaSo03 , was discovered by
Herschel,

1 and may be obtained by evaporating a solution of

silver chloride in aqueous sodium thiosulphate, until it crystal-

lizes. It is, however, best termed by adding a neutral solution

of silver nitrate to a solution of sodium thiosulphate, until a

permanent precipitate is produced. The solution is then

filtered and alcohol added, when the salt is precipitated in silky
laminae (Lenz). Its solution, evaporated in a vacuum, deposits
tabular crystals of the salt. It is soluble in water and possesses
a sweet taste (Herschel).

219 Stiver Nitrate, AgN03
. This salt was obtained in the

crystalline form by Geber :

" Dissolve J) calcinatain in aqua
dissolutiva, quo facto, eoque earn in

phyala, cum longe collo, non obturato

ori per dieiii solum, usque quo con-

sumetur ad ejus tertiam partem aquaj,

quo peracto pone in loco frigido, et

devenient lapilli ad modum crystalli

fusibiles." At the end of the seven-

teenth century, Angelus Sala, drew the FIG. 107.

attention of the iatro-chemists to this

salt known as crystalli diance or mofflsterium argcnti, to which

when cast into sticks, the name of lajpis infernal is or lunar

caustic was given.

Silver nitrate is obtained on the large scale, by dissolving silver

in dilute nitric acid, and occurs in commerce both in crystals and

cast into sticks (lunar caustic). It crystallizes m transparent

rhombic plates (Fig. 107), having a specific gravity of 4'328

(Schroder) and melting at 198, solidifying on cooling to a white

fibrous crystalline mass. It possesses an acrid metallic taste,

and acts as a violent poison, blackening and destroying organic

matter, but it does not blacken in the air except in contact with

organic substances. When it is wrapped up in paper for some

time it gradually decomposes, leaving a residue of metallic

silver, and at a red-heat it yields nitrogen peroxide, oxygen,

nitrogen, and metallic silver. According to Kremers,* 100 parts

of water dissolve as follows :

1 Loc. cit.
'*

Pogg. Ann xcii. 497.
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^t O
8 19 '5 r.4

c
85 100

AgX03
121-9 227-3 500 714 1,111 parts.

The aqueous solution has a neutral reaction. If ammonia is

added to a solution of silver nitrate until the precipitate first

formed redissolves, and this solution be then allowed to eva-

porate, fine bright rhombic prismatic crystals, having the com-

position AgN03 -f- 2NH3,
are deposited. These do not give off

ammonia at 100, but when more strongly heated they melt,

evolving nitrogen and ammonia, whilst ammonium nitrate and

a metallic'miiTor of silver are left behind. When a current of

dry ammonia is passed over dry silver nitrate, this substance

absorbs 29-55 per cent, of the gas, enough heat being developed

to produce fusion of the mass. The product of this reaction

is a white solid soluble in water and possessing the formula

AgNO, + 3NH3 (Rose).

Silver nitrate is largely used in chemical analysis and

especially in photography. It is also employed in medicine, both

externally and internally. For external application it acts as

a powerful cautery, inasmuch as it unites with the albuminoid

substances to form insoluble compounds. Large doses given

internally, act corrosively upon the mucous membranes, producing
serious inflammation. Experiments on animals have shown

that it produces paralysis of the nerve centres, difficulty of

breathing, and coma. It is given in doses of from 0'02

grams in chronic stomach diseases, epilepsy and other nervous

affections. When administered for some length of time, it pro-
duces a peculiar bronze colour of the skin, caused by the

deposition of metallic silver under the cuticle.

Silver Nitrite, AgNO2
. This substance was first obtained by

Proust, who considered it as the nitrate of silver suboxide,

having obtained it by boiling silver nitrate with the powdered
metal. As this salt is only slightly soluble in water, it is best

prepared by double decomposition of a solution of silver

nitrate with potassium or barium nitrite. According to V.

Meyer,
1 lukewarm concentrated solutions of twenty-four parts

of silver nitrate and fifteen parts of potassium nitrite are

mixed and allowed to cool. The salt thus obtained is easily
washed on the filter-pump. It is a white crystalline powder,
more difficultly soluble in cold water than silver sulphate. In

hot water it dissolves more readily, but partially decomposes
1

Liebig's Ann. clxxi. 23.
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and crystallizes on cooling, in needles or oblique prisms, which

appear colourless in the liquid, but on drying acquire a yellow-
ish tint and a fatty lustre.

220 Phosphates of Silver. The normal phosphate, Ag3P0 4 ,
is

formed as a yellow precipitate, when a silver salt is added to a solu-

tion of the normal or the mono-hydrogen sodium phosphate. On

heating, its colour changes to brown, and it melts at a red-heat. It

is soluble in aqueous phosphoric acid, yielding the mono-hydrogen
salt, HAg2

P0
4 ,
which is deposited in the form of white crystals.

The pyrophosphate, Ag 4
P

2
O

7 ,
is a white precipitate, melting

below a red-heat, to form a dark-brown liquid which solidifies to

a colourless fibrous mass. When heated for some time with

aqueous phosphoric acid, the dihydrogen pyrophosphate,
H Ag P

2 7 ,
is formed as a crystalline powder, which is decom-

posed on the addition of water. The inetaphosphates of silver

are white precipitates.

Arsenites and Arsenates of Silver. The normal arsenite,

Ag3As03,
is a canary yellow powder, easily soluble in nitric acid

and ammonia. When the ammoniacal solution is boiled, metallic

silver separates out. The normal arsenate, Ag3
As04 , is a dark

red-brown crystalline precipitate, formed by precipitating a

concentrated solution of arsenic acid with a boiling solution of

silver nitrate. The same substance is precipitated as a brownish-

red powder, if a solution of an arsenate is added to silver

nitrate.

Silver Carbonate, Ag2C03 ,
is a light yellow powder of a paler

colour than the phosphate, which readily becomes black on

exposure to light, or on heating, and loses all its carbon dioxide

at 200. When a mixture of ammonio-nitrate of silver and

caustic potash is exposed to the air, silver oxide separates out.

and after a time lemon-yellow needles of the carbonate.

Silver Cyanide, AgCN,.is a white curdy precipitate, insoluble

in dilute nitric acid but easily soluble in ammonia. It forms

soluble double salts with the cyanides of the alkali, and alkaline

earth metals.

Potassium Silver Cyanide, KAg(CN),,, crystallizes in feathery

tufts or six-sided prisms, and is soluble in 4 parts of water at

20 .
1 It does not undergo alteration on exposure to light.

Silver Cyo.nate, AgOCN, is a white precipitate easily soluble

in ammonia and nitric acid. On heating it explodes, a dull

white mass of silver carbide remaining behind. This decomposes,
1

Haup. Ann. Chim. Phijs. [3j liii. 462.
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on solution in nitric acid, leaving a finely divided network of

pure carbon. 1

Silver Thiocyanate, AgSCN", is a white curdy precipitate, easily

soluble in ammonia, crystallizing from the solution in glistening-

scales, which do not contain any ammonia.

Potassium Silver Tliiocyanate, KAg(SCN).7 ,
is formed when the

foregoing salt is dissolved in a solution of potassium cyanide.

It crystallizes in rhombic octohedrons, and is decomposed by
water.

SILVER AND SULPHUR.

221 Silver Sulphide, Ag2S, occurs as argentite, or vitreous silver.

The occurrence of this ore was known to Agricola :

"
Argeutum

rude plumbei coloris et galena simile." This important silver

ore, occurring in blackish-grey crystals, belonging to the regu-

lar system, occurs widely distributed, but is found especially

in the Erzgebirge, in Hungary, in Xorvvay near Kongsberg,
in the Altai, in the Urals, in Cornwall, Bolivia, Peru, Chili,

Mexico, and in Nevada, at the Comstock lode. This com-

pound occurs in the Erzgebirge, in two distinct forms; one

of these is termed daleminzite, and the other acanthite
;
the

first of these being isomorphous with chalcocite. Argentite can

be obtained artificially, by igniting silver chloride in a current

of sulphuretted hydrogen. Silver sulphide is also formed when

silver is heated with sulphur or sulphuretted hydrogen, and

forms the yellow or brownish stains which are formed on

articles of silver on exposure to the air (Proust). Sulphuretted

hydrogen produces in solutions of silver a blackish brown floc-

culent precipitate of silver sulphide which is soluble io hot nitric

acid, and is converted into silver chloride when a solution of

copper chloride in the presence of common salt is added to it.

THE ACTION OF LIGHT ON SILVER SALTS. DAGUERREOTYPE

AND PHOTOGRAPHY.

222 The observation of Boyle, that silver chloride and other

silver salts undergo blackening on exposure to light, the chemical

explanation of which was first given by Scheele, has led to the

foundation of the important art of photography. The first light-

pictures were obtained by Thomas Wedgwood, in the year 1802.

1
Liebig and Redtenbacher, Ann. PlMrm. xxxviii. 129.
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These were simply prints of leaves or paintings on glass,

prepared by allowing the light to fall through a more or less

transparent object on to white paper, or leather, which had been

moistened with nitrate of silver. Davy, repeating these ex-

periments, obtained fairly accurate copies of leaves, wings of

insects, and similar objects, and even succeeded in preparing

pictures of small objects which had been magnified by the solar

microscope. The pictures thus obtained could not be exposed
to day-light, but had to be examined by candle-light, as at that

time no process was known by which that portion of the silver

salt unacted upon by the light could be withdrawn, and thus the

picture rendered permanent. The first experiments which had

for their object rendering the photographic image permanent
were made by Niepce, who began his investigations in the year
1814. In the year 1826 he, together with Daguerre, investigated

the same subject, and it is to the latter experimenter that we
are indebted for the first process by which the image obtained

in the camera can be fixed In 1839 he discovered the process
which now bears his name. This consists in allowing the vapour
of iodine to act upon a polished surface of silver, which thus

becomes coated with a film of silver iodide. The surface of

the plate thus prepared is next exposed to light in the camera.

After a short time the light has produced its action, although
on the removal of the plate no change of the surface is per-

ceptible. If the plate be now exposed to the action of the

vapour of mercury, the picture makes its appearance, inas-

much as the mercury is deposited in extremely fine globules
on those portions of the plate on which the light has fallen,

whilst in the shadows, the unaltered iodide remains. The plate

must next be dipped into a solution of sodium thiosulphate, in

order to remove those portions of the iodide which have been

unacted upon by the light.

The Daguerreotype process has undergone many alterations,

but it has now been altogether superseded by the much more

valuable art of Photography. In the year 1839, Mr. Fox

Talbot published his method of photogenic drawing, or photo-

graphy, on paper. This process, which was but an imperfect

one, consisted in exposing in the camera a paper soaked in a

weak solution of common salt and afterwards washing over

with a solution of silver nitrate. The image obtained was a

negative one
;
that is, the light portions of the landscape were

dark, and vice vcrsd. These pictures were fixed by immersion
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in a solution of common salt. A great improvement was made

in this process by Talbot, in the year 1841, by coating the

paper which was to be acted upon with a film of silver iodide

by first dipping it into nitrate of silver solution and then into

one of potassium iodide. This paper does not exhibit any

change after exposure in the camera, but on "
development

"

with a mixture of silver nitrate, acetic acid and gallic acid, the

image becomes visible. The picture is a negative, but it may
be rendered transparent by saturating it with white wax, and

then a positive print may be prepared from it by placing it on

a paper moistened with chloride of silver, and exposing it to

sunlight. This method was long known as the Talbotype or

Calotype process.

A most important improvement in photography was made

by Archer, in the employment of a transparent film of iodized

collodion spread upon glass as a sensitive film for the camera in

place of the iodized paper used in the Talbotype process.

Collodion consists of a solution of gun-cotton or pyroxylene in

a mixture of alcohol and ether, and to this a certain proportion
of an iodide or bromide solution in alcohol and ether is added.

On pouring this solution on to the plate the ether and alcohol

evaporate, and the plate becomes coloured with a homogeneous
film. The collod ionized plate is next dipped into a bath of

nitrate of silver, and the plate thus "sensitized" is exposed in

the camera. The image produced on the film is, in this case also,

latent, and requires to be developed, or made visible, by treat-

ing the surface with reducing agents, such as xferrous sulphate
or pyrogallic acid, compounds which have the power of reducing
the sub-iodide to the condition of metallic silver. The unaltered

iodide may be removed by disolving it in cyanide of potassium,
and from the negative thus obtained any number of positive

prints can be prepared, each of which is afterwards fixed in

sodium thiosulphate. The application of collodion renders the

process much more certain, shortens the necessary exposure to

a few seconds, and admits of a far greater degree of precision in

the reproduction of detail than was possible on the rougher
surface of paper in the Talbotype.

For a full account of the theory and practice of photography,
the reader is referred to Abney's Treatise on Photography.

1

It has been already stated, under Silver Chloride, that even up
to the present time we cannot satisfactorily account for the

1
Longman's Text- Books of Science, 1878.
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chemical changes which take place when silver chloride is

blackened by the light, nor can we explain why the bromide and

iodide of silver exposed to the light under certain conditions

sometimes are affected and sometimes remain unaltered. The

production of the latent image shows that the silver salt under-

goes change, and it is not impossible that the invisible change
thus produced on the film may resemble that observed when

light is allowed to fall on a mixture of chlorine and hydrogen.
For these gases, which combine on insolation

,.- require to be

exposed to light for a certain length of time before any combi-

nation whatever takes place, this peculiar phenomenon being
termed photo-chemical induction (Bunsen and Roscoe). In the

case of the photographic image, the film undergoes a modification

such as to render it susceptible to decomposition in presence
of a reducing agent.

223 Production of a Photographic Paper of Constant Sensitive-

ness. Bunseii and Roscoe,1 have shown that by adhering to a

certain method of manipulation it is possible to prepare standard

chloride of silver papers which possess a constant degree of

sensitiveness
;
so that if the same light falls upon them the

papers are always coloured to the same tint. It also appears

that the tint attained by such a paper was constant when the

quantity of light falling upon it also remained constant. Thus,

that light of the intensity 50 falling upon the paper for

the time 1, produced the same shade of blackening as light of

the intensity 1 acting for the time 50. Upon these facts Bunsen

and Roscoe have founded a method for attaining measurements

of the chemical action of light. For this purpose an arbitrary

unit of measurement is chosen by making a standard tint easily

reproducible at any time. The quantity of light which shall

in the unit of time produce a blackening effect on the standard

photographic paper is said to have the chemical intensity 1. If

the time needed to produce this same effect is found by experi-

ment to be 2 units, then the chemical intensity is one-half, and

so on. The results of measurements of total chemical intensity

obtained by this method at various places have been published

by Roscoe.2

Relative, Sensitiveness of Different Photographic Papers. From

experiments made by Mac Dougall
3 and Wright,

4
it appears that

1 Phil. Trans. 1863, 139.
2 Phil. Trans. 1867, 555 ; ibid. 1874, part ii.

3 Vhem. Soc. Journ [2J, iii. 183. Ibid. [2], iv. 33
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the sensitiveness of a photographic paper depends solely upon
the quantity of the chlorine or bromine contained in the salt-

ing solution, and that it is not influenced by the metal with

which the halogen is combined.

224 Action of Light of Different Degrees of Refrangibility on

the Salts of Silver. Scheele observed that the violet rays of the

solar spectrum are those which affect silver chloride most

strongly, and to these the name of the chemical rays has

frequently been given. It has, however, recently been shown

that all the rays of the solar spectrum are able, under certain

circumstances, to effect chemical change, each particular chemical

compound being decomposed by the rays upon which it is most

capable of exerting an absorbent action. Not only is this the

case, but an admixture with the sensitive compound of certain

coloured, but chemically inactive, substances has the effect of

altogether altering the position of the maximum of chemical

action of that particular substance. Thus, for example, it is

possible by the addition of a yellowish-red colouring matter,

such as aurin, to the bromide-film to prepare a plate which is

affected as much by the yellow rays, which are usually con-

sidered chemically inactive, as by those in the violet. In this

way Draper,
1
Vogel,

2 and Abney,
3 have succeeded in photograph-

ing the lines of the visible solar spectrum from b downwards,

and have not only secured pictures of the portions included

between the lines E and A, but have obtained photographic
action even in the ultra-red regions.

DETECTION AND ESTIMATION OF SILVER.

225 There is probably no element whose presence can be more

readily detected than that of silver, owing to its chloride

being insoluble in water and easily soluble in ammonia. In

order to detect silver in an insoluble compound, it may be

melted with carbonate of soda on charcoal before the blow-

pipe or heated on the end of a carbonized lucifer-match in

the reducing flame of the Bunsen burner. Silver is then

obtained in the metallic state as a bright shining bead, which

easily dissolves in warm nitric acid, the solution giving on

the addition of hydrochloric acid a curdy precipitate of silver

chloride, or, if only a trace of silver be present, a mere opalescence
1 Phil. Mag [5] iii. 86. 2

Pogg. Ann. 1877. 3 Phil. Mag. [5] v. 61.
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will be seen. This disappears on the addition of ammonia, but

is reproduced when the ammonia is neutralized with hydro-
chloric acid.

The spark spectrum of silver is obtained by the use of the

metal as poles with a powerful discharge. It may also be

seen when platinum poles are moistened with nitrate of silver

solution. Two bright green lines are the most characteristic in

its spectrum, and several weaker lines occur in both the blue

and the violet.

226 Silver is almost always estimated quantitatively as the

chloride. The precipitate after washing and drying is heated in a

porcelain crucible until it begins to melt and then its weight is

obtained. In order to determine the small quantity of chloride

which sticks to the filter, the whole is burnt, the chloride being

reduced to metallic silver. The weight of metallic silver and ash

is thus obtained, and by subtracting the weight of the latter we

get the weight of metallic silver present ;
this is then calculated

into chloride, and the number thus obtained added to the weight
of the chloride already found.

In some few cases the silver is determined as the cyanide or

sulphide, and, in the case of organic silver salts, the metal which

remains behind on heating the salt is weighed.

Silver can also be easily determined volumetrically with

standard hydrochloric acid, common salt solution, or potassium

thiocyanate (Vol. I. p. 673). In the mints, where a large number

of silver assays have to be made daily, a method proposed by

Gay Lussac l is now almost universally adopted. In this pro-

cess the alloy is dissolved in nitric acid, and the silver precipi-

tated from solution in the form of chloride, the volume of the

standard solution necessary for the complete precipitation of the

silver being ascertained. Chemically pure silver is required for

this purpose ;
this is best used in the form of thin foil

;
then a

normal solution of common salt is needed of such a strength

that 100 cc. correspond exactly to one gram of silver
; thirdly, a

decinormal salt solution prepared by diluting one volume of the

normal solution with nine volumes of water, and lastly, a

decinormal silver solution obtained by dissolving one gram of

silver in pure nitric acid and diluting this to one liter. All

these solutions must be made with care, and their strength very

accurately ascertained. Equal volumes of the two decinormal

solutions must precipitate one another exactly, so that neither

1 Instruct, sur I'Essai des Matures dArgent par la Voie Humide. Paris, 1833.
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chlorine nor silver will remain in solution when they are allowed

to stand after having been well shaken (see p. 370). When the

amount of silver contained in the alloy is unknown, the approxi-

mate percentage is determined by dissolving one gram of the

alloy in nitric acid, in a stoppered bottle, diluting with water

and then adding normal salt solution from a burette, and shaking

the bottle in order that the chloride of silver may separate out

in the coherent form. As soon as the point of complete neutra-

lity is seen to be approaching, the decinormal salt solution is

employed, and this is added drop by drop until no further pre-

cipitation occurs. In most cases, however, the percentage of

silver is sufficiently nearly known to permit the exact analysis

to be made at once. Let us suppose that the alloy contains

ninety per cent, of silver; then ^ o
- = 1*111 1 grams are weighed

out and brought into a stoppered glass flask of about 200 cc.

capacity; to this about 5 cc. of nitric acid of specific gravity,

from 1'25 to 1'2G, are added until it is all dissolved. The red

fumes are then blown out, 100 cc. of the normal salt solution

added, and the bottle shaken vigorously for a few minutes
;
for

this purpose a mechanical arrangement, called an agitator, is

employed, in which a large number of assays are shaken at the

same time. As soon as the liquid has become clear, 1 cc. of the

decinormal salt solution is added
;
if this produces a considerable

precipitate it is again agitated and the addition continued until

no further precipitation occurs. If, on the other hand, the first

additional quantity of decinormal salt solution produces no

further precipitate, the decinormal silver solution is added in

the same way until no further precipitate occurs. Supposing, for

instance, that the third cc. of the decinormal salt solution pro-
duces the precipitate, but the fourth does not do so

;
we are

now uncertain whether the whole of the third or only a part
of the third cc. was needed for complete precipitation, and we
therefore assume that probabl}" 2'5 cc. were required; the fine-

ness of the alloy is then found as follows:

1-0025 x 1000 _~~
Supposing, however, that the first cc. of salt solution did not

produce any precipitate, and that 5 cc. of the decinormal solution

had to be added before the point of neutrality was reached, then

the fineness would be
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0.9965 x 1000

~Tmr~ ' 8
;

a thousand being taken in each case as representing fine

silver.

Another method of assaying silver still used, although not so

accurate as the method just described, is the assaying of silver

by cupellation. Every silver article made in this country,

previously to being sold, is tested at Goldsmiths' Hall, and, if

approved, is stamped. This process depends on the fact that the

metals alloyed with silver oxidize in the presence of lead oxide

at a high temperature, yielding a fusible glass which, together
with the oxide of lead, is easily absorbed by the porous cupel,

whilst any silver which the mixture contains is left behind in a

bright globule which can be accurately weighed. The assay is

usually made with one gram of silver. This process of assaying

by cupellation, even in experienced hands, may vary as much as

two parts in 1,000, whilst Gay-Lussac's process admits of an

accuracy of 0'5 in 1,000. The process of cupellation is, how-

ever, still in use in lead works, where it is required to determine

the amount of silver which marketable lead contains, and it is

also used for the estimation of silver in poor ores.

The atomic weight of silver was determined by Stas, together

with that of chlorine and potassium ;
he found that it lies

between 107'655 and 107'6b'0.

MERCURY (Hydrargyrum), Hg. = 199-8.

Vapour Density = 99*9.

227 We do not find this metal mentioned either in the books

of Moses or in the writings of the older Greek authors. Theo-

phrastus (B.C. 300) speaks of liquid silver or quicksilver (%fro?

apyvpos), and says that it is obtained by rubbing cinnabar

with vinegar in a copper vessel. Dioscorides in the first century

mentions this body as vSpdyvpo? (from votap water and apyvpos

silver), and states that it is obtained by subliming cinnabar and

charcoal in an iron pot, upon which a cover is luted. Pliny,

who named the material thus obtained hydrargyrum, in con-

tradistinction to the native mercury to which he gave the name
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of argentum vivum, was acquainted with the fact that all solid

bodies, with the exception of gold, swim on the surface of the

liquid metal. Isidoms, in the beginning of the seventh century,

was also acquainted with the properties of mercury, as is seen

from the following extract: "Argentum vivum servatur melius

in vitreis vasis, nam caeteras materias perforat."

Mercury was known to the older alchemists, who were much
interested in the examination of its properties, inasmuch as they
believed this body, or some substance closely resembling it, to

be one of the component parts of all metals. They were

acquainted with the method of purifying it by distillation, and

they knew how to prepare many of its compounds. During
the epoch of iatro-chemistry, the properties of the mercury

compounds were more minutely examined, especially with

regard to their medicinal properties ;
and this explains the fact

that of all the metals mercury and antimony were those whose

properties became earliest known. Basil Valentine and Agriccla
both regarded mercury as a metal, but Libavius placed it amongst
those

"
qua3 metallis sunt affinia," thus connecting it with bis-

muth, arsenic, galena, cinnabar, and other bodies. Even at a

later date many chemists held similar views
;
thus Brandt in

1735 speaks of it as a semi-metal, indeed it was not reckoned as

a true metal until Braune, of St. Petersburg!!, in the winter of

the year 1759, found that it solidifies when exposed to a freezing

mixture made of snow and nitric acid.

Mercury occurs in the native state, though in small quantity
as compared with its other ores. It is found in globules dis-

seminated through the native sulphide in the Palatinate, in

Carnolia, Hungary, Peru, California, and other countries. It

also occurs as silver- and gold-amalgam, as the iodide and

chloride, and it is found occasionally in certain fahlores. The

most important ore of mercury is the sulphide or cinnabar. The
most celebrated quicksilver mercury mines are those of Idria, in

Carnolia; Almaden, in Spain; in California, especially in the

Pioneer Mine in Napa Valley ;
and at Wolfssteiu and Lands-

berg, in the Bavarian Palatinate. Cinnabar is likewise imported
into this country from China and Japan.

228 For the purpose of extracting mercury from the ores, a

furnace is employed in the Idrian works, shown in Figs. 108

and 109. This consists of a fire (A), over which three con-

centric arches (aa, bb, cc) are built
;

these are perforated to

allow the flame and heated air to pass through, the ore being
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placed on the top of the ardhes. The action of the air and

flame on the ore is to volatilize the mercury and oxidize the

sulphur to sulphur dioxide. The vapour of the mercury and

the gases find their way through the chambers (C, C, C,) in

which the mercury is deposited, and the condensed metal flows

by the passages (x y z) into underground reservoirs. The last

chambers (D and E) serve for the condensation of the aqueous

vapour and finely-divided mercury, and this impure dust is col-

lected and again subjected to the process of distillation. In

order to collect every trace of mercury a current of water meets

the ascending gases in the tower or chamber CD).

FIG.

The mercury thus obtained is filtered through linen, and

exported generally in iron bottles, but sometimes in leather

bags. The largest furnace in Idria, erected in the year 1794, is

about 10 m. high and 60 m. long ;
this is charged with from 5(

to 60 tons of ores, and yields from 4 to 45 tons of mercury ;
40

workmen can fill the furnace in 3 hours, and each distillation

lasts 12 hours
;
but the furnace must be allowed to cool for from

4 to 5 days before it can be charged a second time.

Since 1860 a continuous process has been employed for the

reduction of mercury from the ore. For this purpose cylindri-



390 METALS OF THE COPPER GROUP.

cal furnaces are used, the grate consisting of movable rods ;

the furnace is filled with alternate layers of ore and charcoal,

and the mercurial vapours pass into condensing chambers

through a side flue at the upper end of the furnace, and as the

burnt ore is drawn off from time to time, fresh ore and charcoal

are introduced at the top to fill up the vacant space. Instead of

chambers, a system of tubes, like the atmospheric condensers

of the gasworks, has been employed for condensation.

229 A similar process to that employed near Idria is adopted
at Almaden, except that the vapours instead of passing through

condensing chambers traverse a series of tubes made of earthen-

ware, called aludels. These are open at both ends, and fit into

one another in a similar way as the condensers employed in the

manufacture of iodine. The aludels are arranged one behind

the other, first in a descending, and then in an ascending posi-

tion on arches of masonry (Figs. 110 and 111) ;
the greater part

FIR. 110.

of the mercury condenses in and runs from the aludels, a (Fig.

Ill) into the channel b, and then into the cisterns (r r). The
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shape and arrangement of the aludels is shown in Fig. 112.
A small quantity of mercury vapour passes on into chamber (C),
where it condenses, coming in contact with water contained in
the vessel

(i.)

In the neighbourhood of Zweibrucken, in the Palatinate, the

FIG. 112.

crude ore, which is a

mixture of cinnabar

and lime-stone, is

heated in long cast-

iron or earthenwai e

bottles, (A) (Fig. 118),

placed in nearly hori-

zontal rows one above

another in a long fur-

nace, and provided with

receivers (B), the posi-

tion of which is shown
in the figure. The mer-

cury distils over, and FIG 113.

FIG. 114.

a mixture of calcium sulphide and sulphate remains in the retort

In Landsberg an improved apparatus is employed. This con-

sists of a furnace, in which iron retorts (Fig. 114), similar to
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gas-retorts, are fixed/ To the ends of these retorts tubes (&)

are connected, and these tubes dip under water contained in

an hydraulic main (C), from which the condensed mercury runs

into the receiver (").

230 The mercury of commerce usually contains a certain pro-

portion of dissolved foreign metals, and these impurities give rise

to the "
tail

"
seen when the metal is allowed to run over a

slightly inclined surface. Impure mercury, when shaken with

air, yields a black powder, caused by the oxidation of the

metallic impurities, and this film of oxide incloses a small

globule of the liquid metal. The surest mode of freeing

mercury from these foreign metals is to distil it, the surface

being covered with iron filings to prevent the spitting of the

metal, which, however, cannot be completely avoided. It is a

curious fact that when small quantities of lead or zinc are present

in the mercury the rate of distillation is much diminished
;
other

metals do not possess this retarding influence. Mercury may
be more easily purified by treating it with dilute nitric acid, the

impurities being the first to dissolve. In order to bring the

mercuiy into contact with the acid it is either exposed in thin

layers in a shallow vessel, or is frequently shaken up with the

acid. The following improved method for the purification of

mercury by means of nitric acid has been suggested by L.

Meyer -,

1 The rnetal is allowed to flow in a very thin stream

from a small opening in a glass funnel into a wide glass tube

1'25 m. high and 5 cm. in diameter, which contains a mixture

of water and 100 cbc. of nitric acid. A narrow tube is

fastened to the bottom of this, from which the pure metal

flows
;

it has then only to be washed with water and dried.

The above operations may have to be repeated several times,

and the metal, if pure, must leave no residue when dissolved in

pure nitric acid, evaporated to dryness and ignited.

Pure mercury possesses a silver-white colour. It is liquid at

ordinary temperatures, and the globules retain a perfectly sphe-
rical shape. The freezing-point of mercury was first determined

by Hutchins in 1783, at Fort Albany, in Hudson's Bay Territory,

according to instructions received from Cavendish
;

its melting-

point is 38'85. In the act of freezing, mercury contracts

considerably, giving rise to a solid tin-white ductile malleable

mass, crystallizing in octohedrons, and capable of being cut

with a knife, and having a specific gravity of 14-1932.2

1 Zdtsch. Anal Chem. ii. 241. *
Mallet, Proc. Roy. Soc. 1877, p. 77.
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The liquid metal is transparent when in very thin films and

it transmits violet blue light. (Melsens.) When a powerful
stream of water is poured from a height of a decimeter on a

mass of from 15 to 20 kilos, of mercury, bubbles of the metal,

of about 1 crn. in diameter, are seen swimming on the sur-

face of the water. These consist of very thin films of mercury,

through which blue light is transmitted ; they soon burst, and

leave behind a very small solid globule of the metal.

The specific gravity of mercury at 0, compared with water at

4, is 13-595 (Kopp), whilst the specific gravity of mercury

weighed in a vacuum at 4 is 13 -

594. (Balfour Stewart.) The

boiling-point of mercury, according to Regnault's observations, is

357"25, the metal giving rise to a colourless vapour, which has

a specific gravity, according to the experiments of Dumas, of

6-976, or, according to those of Bineau, of 67. In spite of its

high boiling-point, mercury volatilizes perceptibly at the ordi-

nary temperature, both in a vacuum and in air, as proved by the

silvering of gold-leaf kept for two months in a vessel over

mercury (Faraday) ;
and Merget has shown that even at 44,

when mercury is solid, it still possesses a distinct vapour-tension.

The tension of the vapour of mercury h.is been determined by

Eegnault,
1 and is given in the following table :

v

1

Comptes Rendw, Ixxiii. 1356 ;
see also Ramsay and Young, Chem. Soc, Trans.

1885, 656.

75
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"When mercury is shaken with different liquids, or when it is

triturated with sugar, sulphur and other bodies, the liquid metal

is obtained in a very finely divided state, being converted into

a grey powder. This was formerly termed Acthiops per se.

This act of fine division is termed the "
extinction

"
or

"
deadening

"
of mercury. Grey mercurial ointment is formed

by rubbing up mercury and fat together, and in the preparation

the mercury is in the form of globules having a diameter of

0002 to 0004mm.

Mercury is largely used in the preparation of physical and

chemical apparatus, for collecting gases which are soluble in

Avater, for the preparation of mirror plates, for the amalgamation
of silver and gold, and for the preparation of the mercurial

compounds.

ALLOYS OF MERCURY OR AMALGAMS.

231 The general properties of these alloys have already been

given on p. 9 of this volume.

Potassium Amalgam. Potassium combines with mercury
with evolution of heat but without incandescence, forming a

silver-white compound, which is liquid when it contains one

part of potassium to about seventy parts of mercury, but when
it contains more potassium it becomes solid. If the metals be

melted together in the right proportions, or if sodium amalgam
containing 3 per cent, of the alkali-metal be brought into potash-

ley a crystalline compound, Hg24
K

2 ,
is formed, which in the last

mode of preparation is obtained crystallized in very bright

shining cubes or dodecahedrons and rhombohedrons. 1 When an

amalgam, rich in potassium, is heated to 440 a crystalline com-

pound, HgK2, remains behind, which takes fire spontaneously on

exposure to air.
2

Sodium Amalgam.. Sodium combines violently with mercury
with evolution of light and emitting a hissing noise. One part
of sodium to 100 of mercury forms an amalgam having an oily

consistency, but with 80 of mercury to 1 of sodium a pasty mass
is obtained, and with smaller quantities of mercury a hard and

crystalline amalgam is formed. When an amalgam containing
3 per cent, of sodium is allowed to stand under water, long

1 Kraut and Popp, A nn. Clicm. Pharm. clix. 188.
2 De Soi^u, Btir. DeutscJi. Chtm. Ges. ix. 1050.
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needles having the composition Hg19
N"a

2 separate out (Kraut
and Popp), and when an amalgam rich in sodium is heated to

440 the crystalline compound Hg2Na6 remains (De Souza).
The amalgams of the alkali-metals decompose slowly on ex-

posure to moist air and water, and amalgamate iron and

platinum. Sodium amalgam is employed in the processes of

extracting silver and gold, and also in organic chemistry as a

reducing agent.

Ammonium Amalgam. This compound, discovered at the

same time by Berzelius and Pontin,
1 and Seebeck,

2
is formed

when a galvanic current is passed through aqueous ammonia or

a solution of ammonium salt containing metallic mercury placed
in connection with the negative pole. It is also formed by the

action of potassium or sodium amalgam on any stable ammo-
niacal salt or its solution. The mercury increases from five to

twenty times its bulk, forming a butter-like mass which is

lighter than water, and crystallizes below in cubes (H. Davy).
When cooled by a mixture of ether and solid carbon dioxide it

becomes brittle, and of a dark grey colour, and does not decompose

spontaneously (Grove). At the ordinary temperature it quickly

decomposes into mercury, hydrogen, and ammonia, the relation

of the latter being as one to two. According to Landolt,

100 parts of mercury combine at the ordinary temperature
with 0'09 grm. of ammonium, NH4 ;

at a lower temperature it

probably combines with a larger quantity.
3

Cadmium Amalgam. Cadmium easily dissolves in warm

mercury, giving rise to a solid compound, Hg5
Cd 2 ,

which has

a specific gravity of 12 615. When mercury is saturated with

cadmium a silver-white compound, Hg2Cd, crystallizing in

octohedrons, is formed. This is very brittle, and is heavier than

mercury, and was at one time (see page 267) used as a stopping
for teeth,

Copper Amalgam. If copper foil be rubbed with a solution

of nitrate of mercury it becomes covered with a bright lustrous

coating of the metal, and if a line be drawn with this solution

on a piece of brass foil and the foil bent at this place, it can

easily be broken, as the mercury very soon penetrates the copper
and renders it brittle. Copper amalgam is obtained by rubbing a

copper rod with the nitrate solution and then allowing it to

1 Gilbert's Ann. vi. 260.
2
Gehicn, Neu. Allg. Journ. Chem. v. 482.

J Ann. Chem. Pharm. vi. 34(3.
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remain in contact with mercury under warm water. All tin

copper amalgams which contain from 25 to 3o per cent. o.

copper, when heated to 100 become plastic when rubbed ii

a mortar. After from ten to twelve hours the amalgam loses

its plasticity and assumes a granular crystalline structure and is

hard enough to engrave upon tin. Its density is the same in

the soft and hard states and, therefore, it does not expand in

hardening, and thus fills cavities when hard into which it has

been pressed in the soft state. This amalgam is used for

stopping teeth, but the copper which it contains renders it

objectionable on account of its tendency to blacken. It is also

used for sealing bottles, glass tubes, &c., when other plastic

substances such as cork cannot be used, as well as for taking

impressions of engraved metal work.

Silver Amnlf/am occurs as a mineral at Moschellandsberg, in

the Palatinate, and crystallizes in the regular system. It is

artificially prepared as the silver-tree (arbor Diana] by pouring

mercury into a. solution of silver nitrate. The composition of

the product thus deposited as well as that of the natural

amalgam varies considerably. When silver amalgam is heated

to 440 the compound Hg9Ag3 remains (De Souza).

MERCURY AND OXYGEN.

232 These elements form two compounds :

Mercurous oxide Hg2
0.

Mercuric oxide HgO.

Mercurous Oxide, Hg2
0. This compound, also called sub-

oxide or grey oxide of mercury, is easily obtained by the

action of caustic alkalies on a mercurous salt. It is a blackish-

brown powder, which by the action of light and a moderate

temperature, as well as when brought in contact with different

saline solutions, is decomposed into the metal and the mon-

oxide.

Mercuric Oxide or Mercury Monoxide, HgO ; commonly termed

Bed Oxide of Mercury, or Red Precipitate. This compound was

known to Geber, who obtained it by heating mercury in the air

for a long time. It was afterwards known by the name of

mercurius prcecipitatus per se. The same compound is formed

when a solution of mercury in aqua tortis is evaporated, and
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the residue heated
;
the compound thus prepared was called by

Raymond Lully mcrcurius prcecipitatus niber.

When mercury is exposed in a glass flask with a long neck

for several weeks to a temperature somewhat below its boiling

point, small red crystals of the oxide appear on the surface, and

this product, which has a dark-red colour and is highly crys-

talline, increases gradually in quantity. Mercury oxide is

prepared on the large scale by heating an intimate mixture

of mercury and mercuric nitrate until no further red fumes are

given off: in this way it is obtained in the form of bright,

brick-red crystalline tablets, which have specific gravity at 4

of 11136 (Joule and Playfair). If a solution of a mercuric

salt is precipitated by caustic soda, the hydroxide, HgO.H2O, is

obtained. This remains stable at 100, but above this temperature
it begins to lose water, and at 175 it is completely dehydrated.

1

Mercuric oxide is a powerful poison, it possesses an un-

pleasant metallic taste and an alkaline reaction, and is slightly

soluble in water. When heated it first changes to a dark

cinnabar-red colour, and afterwards assumes a black tint, but

on cooling it resumes its original appearance. At a red-heat it

decomposes into its elementary constituents, and on cooling

these partially recoinbine. The metallic mercury which is thus

formed does not possess perfect fluidity, but attains its

usual mobile character on treatment with dilute nitric acid.

When the oxide is heated with sulphur explosions occur, and

it is also decomposed when brought in contact with fused

sodium, with evolution of light and heat.

Mercuric oxide is used in medicine, and is valuable for various

purposes in chemical analysis.

SALTS OF MERCURY.

233 Mercury forms two series of salts corresponding to

the two oxides
;
these are termed the mcrcurous salts and the

mercuric salts.

Therapeutic Uses of Mercury and its Compounds. Liquid

mercury appears to be destitute of poisonous properties, many
instances having occurred in which it has been swallowed

without any evil effects following. In a finely divided state,

and in the state of vapour, however, metallic mercury acts as

a poison, and its salts are poisonous.
1
Carnelley aud Walker, Chem. Soe. Trans. 188S, 80.
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In some respects the poisonous action of mercury compounds
resembles that of the salts of other heavy metals, but they also

act on the animal economy in a special manner, rendering them

of great therapeutical value. Metallic mercury is employed, in

a very finely divided state, both internally and externally. It

acts on the one hand upon the glandular secretions, especially

upon the salivary glands, whilst on the other it affects the

nervous system. Taken continuously, it produces salivation,

ulcers of the mucous membrane of the mouth, and paralysis.

Mercury and certain of its compounds are employed both for

local and general inflammation, and is especially valuable in

cases of syphilis. Of the salts of mercury, the two chlorides*

calomel, HgCl, and corrosive sublimate, HgCl2 ,
are most

generally employed. Calomel does not appear to undergo any

change in the stomach, but seems to be altered in the bile

secretion, by which it is taken up into the system. In large

doses it acts as a poison ;
in smaller doses (from 01 to 04 grm.)

as a purgative, and in small doses, especially when continued,

it appears to act as the metal does. Corrosive sublimate

is a powerful caustic poison, producing vomiting, colic, diairhcea,

and great weakness. It is used in very small doses in cases of

syphilis, as it does not so readily produce salivation as the

other mercurial preparations.

Mercury is not a cumulative poison, as the larger portion is

quickly excreted from the body soon after it has been taken,

and may be found in the excrements as well as in saliva or pus.

It is, however, difficult to remove the last traces from the system,
and chronic mercurial poisoning is common with those who

habitually work with the metal, such as manufacturers of mirrors,

barometers, &c. The poisonous effects of mercury were known
to Dioscorides and Pliny, and it appears that even in those days
it was employed as a medicine. From that period up to the

fifteenth century, mercury was but sparingly used in medicine,
and then for external purposes only. Basil Valentine was the

first to employ the mercurial salts internally (see mercuric nitrate).

Even at that time the outward use of mercurial compounds was

discountenanced by the then prevailing schools of medicine, and
at the beginning of the sixteenth century the few physicians
who had dared to employ mercurial ointment were vigorously
assailed. The employment of mercurial preparations was, how-

ever, soon afterwards introduced by Paracelsus, and by degrees
became common.
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MERCUROUS SALTS.

234 Mercurous Chloride, HgCl ; commonly known as calomel.

Calomel occurs as a mineral termed horn-quicksilver, and found

at Moschellandsbeig, Idria, and Almaden and other places, and

crystallizing in rhombic prisms. The artificial substance has

been known for a long time, and it appears to have been used

in the sixteenth century as a medicine, known by the name of

Draco mitigatus, Manna metallorum, Aquila alba, or Mercurius

dulcis. It afterwards received the name calomel, which it now

bears, from a\o/ie\a9, a fine black colour, because it turns

black when acted upon by an alkali.

Mercurous chloride is formed by the direct union of its

elements, and also by the action of hydrochloric acid or common
salt solution on a dilute solution of mercurous nitrate. In order

to prevent a basic nitrate being carried down with the insoluble

chloride, an excess of hydrochloric acid or salt solution must be

added, and the liquid must be warmed with the precipitate for

some time. In this way it is obtained in the form of a yellowish-
white impalpable powder.

Calomel is commonly prepared by sublimation. For this

purpose an intimate mixture of mercuric chloride (corrosive sub-

limate) and mercury in the right proportions is heated. Another,

and now nearly obsolete process, is to rub up dry mercuric

sulphate in a mortar with as much mercury as it already

contains, and an equal quantity of common salt, until the

globules disappear and a uniform mixture is produced. This is

then sublimed, the vapour of calomel being carried into an

atmosphere of steam or into a chamber containing air, where it

is condensed into a finely-divided form, and thus the labour

of powdering it is avoided. The following decomposition

occurs :

HgSO4 + Hg + 2 NaCl = 2 HgCl + Na
2S04.

The powder thus obtained is well washed to free it from any
traces of corrosive sublimate which it may contain, and dried

ready for use.

Calomel is tasteless and insoluble in water, and has a specific

gravity of 6'56. It evaporates at a red heat without fusion,
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yielding a colourless vapour, whose specific gravity is 8'21

(Deville and Troost) ;
this corresponds to a vapour density of

117'59, whereas the theoretical density corresponding to the

formula HgClis 117'58. Notwithstanding this agreement it was

supposed that the chloride had the formula Hg2Cl2 , corresponding
to the formula of cuprous chloride, and to explain the lower

vapour density it was assumed that calomel on volatilization

completely decomposes into mercury and mercuric chloride,

which recombine on cooling. This does undoubtedly take place
to some extent when calomel is vapourized alone, but when it

is mixed with mercuric chloride and the mixture vapourized at

400, no metallic mercury is formed, and the vapour density of

calomel calculated from that of the mixture agrees with the

original determination of Deville and Troost.1

Calomel is largely used in medicine. Precipitated calomel

is more active in its medicinal properties than the substance

prepared by sublimation, owing to its state of finer division. In

certain cases abnormal poisonous effects have been produced

by calomel, which have probably been caused by the material

containing basic mercurous nitrate.

Mercurous Bromide, HgBr, possesses great similarity to*

calomel, and is obtained as a heavy precipitate by adding

hydrobroniic acid or potassium bromide to mercurous nitrate.

It may likewise be prepared in the form of glittering
needles by the subliming a mixture of mercuric bromide

and mercury. Mercurous bromide volatilizes at a red-

heat, yielding a vapour whose specific gravity is 10 14

(Mitscherlich).

Mercurous Iodide, Hgl, is formed when iodine or mercuric
iodide is rubbed up, in the right proportion, with mercury, a
small quantity of alcohol being added. It may also be obtained

by precipitating the solution of mercurous nitrate with potas-
sium iodide. It is a greenish coloured powder, slightly soluble

in water, which decomposes gradually on standing into mercuric
iodide and metallic mercury. The same change takes place

quickly at a high temperature. According to Yvon 2 this com-

pound is obtained in the form of yellow crystals by heating
together iodine and mercury in the proportion of equal mole-

cules, in a retort placed upon a sand-bath, to a temperature not

1
Fileti, Gazz. Chim. 1881, 341.

8
Compt. liend. Lxxvi. 1607.
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exceeding 250. The crystals are rhombic, and when heated to 70

they become red, whilst at 220 they assume a darker red colour.

Heated somewhat above this point they melt, forming a blackish

liquid boiling at 310. The crystals begin to sublime, however,
at 190, and are decomposed when they are quickly heated.

Mercurous iodide in the form of powder is used in medicine.

Mercurous Fluoride, HgF, is a salt soluble in water, being
obtained in the form of yellow crystals.

Mercurous Chlorate, Hg(ClO3),
is formed by dissolving freshly

precipitated mercurous oxide in chloric acid, and evaporating
the solution over sulphuric acid. It is then deposited in fine

rhombic prisms, which when heated to 250 decompose into

mercuric chloride, mercuric oxide, and oxygen, and when heated

with combustible matter deflagrate violently.

Mercurous Perchloratc, Hg(ClO4) 4- 3H2O, is obtained in the

form of deliquescent needles by dissolving mercurous oxide in

aqueous perchloric acid and evaporating the solution.

Mercurous Sulphate, Hg2
SO

4 ,
is formed by heating concen-

trated sulphuric acid with an excess of mercury, or by precipi-

tating mercurous nitrate with sulphuric acid. It is a black

crystalline powder which when gently heated melts, and on

cooling solidifies to a crystalline mass. It is precipitated almost

completely by sulphuric acid from its solution in nitric acid.

It is easily soluble in hot sulphuric acid
; part of it separates

out on cooling, and the remainder is precipitated on the addition

of water.

Mercurous Nitrate, Hg(NO3),
is formed by the action of

dilute nitric acid in the cold on mercury. Hot nitric acid, on the

other hand, especially if an excess of acid be employed, forms

with metallic mercury, mercuric nitrate. Bergmann was the

first to point out the difference between the two solutions thus

obtained, the explanation, according to the then prevalent

views, being that the solution of the metal in cold nitric acid

contained less phlogiston than that in the hot acid. At a

later period the same fact was explained by stating that in

the former the mercury was less strongly oxidized than in the

latter case.

Mercurous nitrate crystallizes in monoclinic tables or prisms,

containing' two molecules of water of crystallization, which

it loses on exposure to dry air or over sulphuric acid. The salt

dissolves in a small quantity of warm water
;
on the addition of

more water a basic salt is formed. It is easily soluble in dilute
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nitric acid, and this solution brought on to the skin colours it,

first purple and then of a black tint. By the continued action

of nitric acid upon an excess of mercury the basic double salt,

Hg2 j ^Q* + Hg2 { o '
is formed together with the normal

nitrate. This basic salt crystallizes in long, thin, rhombic

prisms, and if this salt or the normal salt be boiled for some

time with mercury, the water being "replaced as it evaporates,

large, colourless, hard, glistening triclinic prisms, having the

formula Hg,4 ^Q
3 + 4 Hg2

j^ ,
are deposited when the solu-

tion is allowed to cool. By the protracted action of cold

water on the different mercurous nitrates a yellowish crystalline
/ /~\ rr

salt, having the composition Hg2
-j -^Q ,

is formed
;
this is de-

composed on boiling with water into mercury and mercuric

nitrate.

Mercuroiis Carbonate, Hg2
C0

3 , is obtained by precipitating the

nitrate with hydrogen potassium carbonate. In order to remove

a quantity of basic nitrate which is thrown down at the same

time, the potassium carbonate is added in excess, and the solution

allowed to stand for some days. Mercurous carbonate is a yellow

powder which dt composes at 130 into carbon dioxide, mercury,
and mercuric oxide (Lefort).

MERCURIC SALTS.

235 Mercuric Chloride, HgCl 2. This salt is obtained when

mercury is heated in chlorine. It was first obtained by Geber

according to the following receipt :

"
Argentum vivum sic

sublima. Sume de eo libram imam, vitrioli rubificati libras

duas, aluminis rochae calcinati libram unam, et salis communis
libram semis et salis petrae quartern partem, et incorporatum

sublima, et college album, densum, clarum et ponderosurn, quod
circa vasis sponditia inventum fuerit, et serva, ut tibi de aliis

scripcimus. Sed si in prima sublimatione inventum fuerit

turbidum vel immundum, quod tibi accidere poterit propter
tuam negligentiam, illud cum eisdem fecibus noveris iterum

sublimare, et serva." At a later date a somewhat similar method
of preparation was employed on the large scale, and the pro-
duct was termed Corrosive sublimate or Mercuries sullimatus
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corrosivus. For this purpose aii intimate mixture of 3 parts of

mercury, 2 of common salt, 2 of saltpetre, and 4 of calcined

ferrous sulphate was heated :

Hg + 2NaCl + 2KN03 + Fe
2
S

2 9
= HgCl, + Na2S04 + K 2S04

The nitrogen peroxide which was given off was condensed in

water, and the acid obtained employed for the preparation of

mercuric oxide. In the time of Basil Valentine, corrosive sub-

limate was a well-known commercial article. He was aware

that hydrochloric acid is one of its component parts, and knew
that metallic iron precipitated mercury from its solution. He
says :

"
Eecipe mercurii sublimati, such as can be bought at the

druggists, and has been sublimed with vitriol and salt
;
for the

$ takes up in the sublimation the quintam essentiam salis. Then
rub down the mercurium sublimatum very finely, lay it in the

cellar in a thin layer on an iron plate, let it lie for some days
and nights, when a fluid will be seen to flow from it, and the $

is revivified."

From its strongly corrosive properties, mercuric chloride was

also termed Draco, and as it is capable of destroying the

metallic lustre of several metals, it was called mors or malleus

metallorum.

The process which is now employed for the manufacture of

corrosive sublimate, namely, that of subliming a mixture of

mercuric sulphate and common salt, was first suggested by
Kunkel, who in the year 1760 described this process in his

Ldboratorium Chymicum as follows :

" The best mercurius sub-

limatus for use in chemistry and such as pleases me, is when I

take an oleum vitrioli, which has been highly freed from all its

phlegm, with mere. viv. ana, or if it has not been rectified so

well, mere, one part and oleum one and a half parts, and distil off

so much oleum until all the mere, is coagulated. This white

Praecipitat sublimed with Sal communis ana gives a fine corrosive

sublimate."

Mercuric chloride is obtained commercially by heating a

mixture of equal parts of dry common salt and mercuric

sulphate. As the latter salt can only with difficulty be got free

from mercurous salt, one-tenth of its weight of manganese

dioxide is added to the mixture in order to prevent formation

of calomel. The sublimation is carried on in large, flat, long-

necked glass balloons, which are first placed in a sand-bath up to
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their necks, and gently heated in order to drive off all moisture.

So much of the sand is then removed that only the lower half

of the balloon is surrounded by sand, and then this is heated

more strongly until the whole of the chloride is sublimed. On

coolino-, the balloon is broken and the cake of sublimate removed.

Mercuric chloride is deposited from alcoholic solution in

colourless trimetric crystals. The commercial article is usually

in the form of a semi-transparent crystalline crust. According

to the experiments of Poggiale, 100 parts of water dissolve the

following :

At 10 20" 50 80 100

HgCl2
6-57 7-39 H'34 24-3 53'96.

Mercuric chloride dissolves in about three parts of alcohol

and four parts of ether, so that when this liquid is shaken up
with the aqueous solution, the greater part of the salt is removed

from the water. It crystallizes by sublimation in a second tri-

metric form.1 It also dissolves without decomposition in con-

centrated sulphuric and nitric acids. Its specific gravity is 5'403

(Karsten). When heated to 303' it melts and volatilizes more

readily than calomel
;
the specific gravity of its vapour is 9 "8

(Mitscherlich), corresponding to a vapour density of 135'27.

Corrosive sublimate possesses a sharp metallic taste, and is a

violent poison, and it is largely used, both externally and in-

ternally, in medicine, especially in syphilis. It is also used as

an anti-putrescent for anatomical preparations, and in dressing
furs and skins, and especially as a bactericide.

236 Mercuric chloride has the power of forming crystallizable

compounds with a number of other chlorides, especially with

the chlorides of the alkali-metals, giving rise to the following
double chlorides :

KC1 + HgCl2 + H2

2KC1 + HgCl2 + H2
O

KC1 + 2HgCl2 + 2ILO
2NaCl + HgCl2

2NaCl + 2HgCl2 + 3H2O
NH4C1 + HgCl,
2NH

4
C1 + HgCl2

2NH
4
C1 + 3HgCl2 + 4H

2
O

The fact that these salts dissolve in water more easily than

mercuric chloride has long been known. The iatro-chemists

prepared one of them by dissolving equal parts of corrosive

sublimate and sal-ammoniac, and crystallizing the solution. It

was termed by them Alcnibroth.

Mercuric chloride dissolves in hydrochloric acid of specific
1 Yon Lang, Wien. Acad. Ber. xlv. 119.
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gravity 1'158, when slightly warmed. On coojing, a crystalline

mass of the compound HgCl2 + HC1 is deposited, whilst on

strongly heating the solution the compound 2HgCl2 + HCl is

formed. Both lose hydrochloric acid on exposure to the air

(John Davy).
1

When mercuric chloride is heated from 200 to 220 with

phosphorus pentachloride, the compound SHgCl^PCLj sublimes

in fine glistening needles, which melt readily. The same com-

pound is formed when calomel is heated with phosphorus

pentachloride :

7PC15 + GHgCl = 2 (3HgCl2.2PCl5) + 3PC13.

Mercuric chloride also forms a series of basic salts or oxy-
chlorides. If mercuric oxide be boiled with a solution of corro-

sive sublimate, and the liquid filtered, a mixture of several basic

chlorides separates out at a temperature above 60. The solution

poured off from this yields, on further cooling, yellow mono-
clinic needles, having the composition 2HgCl2 + HgO. This

compound is insoluble in alcohol, and may thus be separated
from corrosive sublimate. If one volume of a cold saturated

solution of acid potassium carbonate be added to four volumes

of cold sublimate solution, a yellow precipitate is first obtained,

and this, on standing in the liquid, attains a red, purple, or

violet tint, sometimes being amorphous and sometimes crys-

talline. This compound has the composition HgCl 2 + 2HgO,
and yields the yellow oxide on treatment with potash. The
same compound is formed when the red oxide is boiled with an

excess of sublimate solution, in the form of a pitch-black crys-

talline precipitate, which on treatment with potash yields the

red oxide. When equal volumes of a cold saturated solution

of sublimate, and of hydrogen potassium carbonate are mixed,

the oxychloride HgCl2 + 3HgO, separates out in glistening,

golden-yellow scales. In addition to these, several other oxy-
chlorides are known containing a larger amount of oxygen.

Mercuric Bromide, HgBr2
. Mercury combines with bromine

with evolution of heat, and the oxide dissolves in hot aqueous

hydrobromic acid. The bromide crystallizes from aqueous
solution in glistening scales, melting at 244

,

2 and from alcoholic

solution in rhombic needles or prisms, which can easily be

sublimed.

Mercuric Iodide, HgI2 ,
is formed when the two elementary

1 Phil. Trans.I822,p.3H.
-

Carnelley and Williams, dum.Soc. Trans. 1880, 127.
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constituents are. rubbed together in a mortar with a small

quantity of alcohol. It forms a scarlet crystalline powder. It

is also precipitated when a solution of potassium iodide is added

to one of corrosive sublimate. In this case, however, the pre-

cipitate which first forms has a pale yellow colour, but soon

becomes scarlet
;

it is easily soluble in an excess of either liquid.

Mercuric iodide crystallizes in quadratic prisms and pyramids,

from solution in hot, moderately concentrated solution of

iodide of potassium, in boiling alcohol, or in hot nitric acid.

Mercuric iodide is dimorphous, for on gently heating the red

modification to a temperature of 150, a remarkable change

occurs, the mass becoming yellow. This change also takes place

when the red crystals are melted or sublimed, yellow rhombic

prisms being formed. These readily pass into the red modi-

fication when touched or rubbed with a hard body, and even

spontaneously, heat in this latter case being evolved, and the red

crystals retaining the form of the yellow. The specific gravity
of the vapour of mercuric iodide is 15 '6 to 16*2, according to

Mitscherlich
;
this corresponds to a vapour density of 225-9. It

is very slightly soluble in water, but dissolves in many aqueous
acids, ammoniacal salts, salts of mercury, and soluble iodides,

with which it forms soluble double compounds.
When a cold solution of corrosive sublimate and then water

is added to an alcoholic solution of potassium tri-iodide (KI3)

heated to 50, a brown crystalline precipitate is obtained of mer-

cury periodide, HgT6
. If both solutions be mixed together hot,

and allowed to cool slowly, rhombic tables of mercury periodide
are obtained mixed with the yellow and red iodide. Mercury
periodide possesses in a high degree the peculiar optical pro-

perties of tourmaline (vol. i. p. 747), and readily loses iodine.

Mercuric Fluoride, HgF2 + 2H2O, is formed by the action of

excess of hydrofluoric acid upon the oxide. It is a white crys-
talline mass which decomposes at 50, with formation of the

yellow oxyfluoride, HgF(OH), which is also obtained when an
excess of mercuric oxide is treated with hydrofluoric acid. On
slow evaporation it separates in dark-yellow crystals.

Mercuric Chlorate, Hg(C103) 2+H20, is formed when mer-

_

curie oxide is dissolved in warm chloric acid. The chlorate

crystallizes on cooling in small rhombic pyramids. When rubbed

together with combustible substances it inflames without ex-

plosion, and, on heating, it is resolved into calomel, corrosive

sublimate, and oxygen.
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237 Mercuric Sulphate, HgS04
. This salt was known in the

fourteenth century, and is obtained by heating mercury with oil

vitriol. In order to prepare a product free from mercurous salt,

the mercury must be heated with 1-5 times its weight of sul-

phuric acid, and evaporated to dryness. In this way a white

opaque mass is obtained, which crystallizes from an excess of

sulphuric acid in small stellated plates, having a silvery lustre.

When gently warmed it becomes yellow and afterwards red-

coloured, and decomposes when strongly heated, into mercury,

oxygen, sulphur dioxide, and mercurous sulphate. Boiling
water decomposes it into the basic salt, Hg3S06, a heavy lemon-

coloured powder which on heating becomes of a red colour. It

dissolves in 2,000 parts of cold, and 600 parts of boiling, water.

This basic compound was described by Basil Valentine, and was
used by the iatro-chemists under the name of turpetum mincrale.

Mercuric Nitrate, Hg(.N03)2
. Basil Valentine, who classed

this salt amongst the vitriols, describes its preparation as

follows :

"
Vitriolurn mercurii is easily made with an aqua fort distilled

from saltpetre, and alum ana ; if it is dissolved in it, crystals like

a vitriol shoot out
;

these are then ablued and purified with

spiritus vini, which previously has been rectified with sal tartari ;

thus it is made into a sweet oil. This is a noble medicine ad

lucm gallicam, it cures all sores, consumptions, disuries, gouts,

and drives out many other diseases from the human body."
In order to prepare this salt, mercury is boiled with nitric acid

until a portion of the liquid no longer gives a precipitate with

common salt. On evaporating the solution over sulphuric acid

large crystals, 2Hg(N03 ) 2 + H 20, separate out. The same salt,

which is very deliquescent, is obtained as a crystalline magma,

by adding strong nitric acid to the concentrated solution. The

mother-liquor from the large crystals is a thick liquid which has

the constant composition Hg(N03)2
-f- 2H

2
0. This solution pos-

sesses the power, first noticed by Libavius, of colouring the skin

a dark-red tint. On evaporating the solution, a basic salt,

2Hg(NO8)OH+H2O, separates out in long transparent prisms

which possess a metallic, but not an acid taste. On washing

these with water different more basic salts are formed, and at

last mercury oxide remains behind.

The Phosphates of Mercury arc white heavy precipitates.

Mercury does not form any borates, nor are silicates of mercury
known.
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238 Carbonates of Mercury. Only basic mercury carbonates are

known. If a sol ution of mercuric nitrate be poured into an excess

of potassium bicarbonate solution, a dark brown precipitate of

HgC03 + 2HgO is formed, and if a solution of caustic potash or

caustic soda be employed, an amorphous brown precipitate or

HgC03 + oHgO is formed. The constitution of these salts can

be represented by the following graphic formulae :

Hg Hg Hg

CO \g CO O
X
0_Hg-0

/
Hg-0 Hg

Mercuric Cyanide, Hg(CX) 2
. This compound was discovered

by Scheele, who obtained it by boiling Prussian blue with mer-

curic oxide and water. It is also formed by dissolving mercuric

oxide in dilute hydrocyanic acid, or by boiling one part of yellow

prussiate of potash with two parts of mercuric sulphate and

eight parts of water.

K
8(C3

N3) 4
Fe

2 + 7HgS04
= 6Hg(CN) s + 4K2

S0
4 + Fe.2(S04)3 -f Hg

Mercuric cyanide dissolves in 8 parts of cold water and crys-

tallizes from the hot aqueous solution in white needles or trans-

parent quadratic prisms which are insoluble in absolute alcohol.

Its aqueous solution readily dissolves mercuric oxide, and on

evaporating the alkaline solution thus obtained, small needles

of an oxycyanide, Hg20(CN) 2
= CN Hg Hg CN, are

formed. Mercuric cyanide is decomposed by hydrochloric, hydro-
bromic and hydriodic acids, and by sulphuretted hydrogen, with

liberation of hydrocyanic acid. It is not, however, decomposed

by dilute sulphuric or nitric acids. It forms crystalline double

compounds with many other salts.

Mercuric Cyanatc Hg(OCN) 2, and Mercuric Thiocyanate,

Hg(SCN) 2 ,
are white crystalline precipitates. In order to prepare

the latter salt a solution of ammonium thiocyanate is precipitated
with excess of corrosive sublimate solution. This compound is

used for the preparation of the so-called Pharaoh's serpents.

The dried precipitate is rubbed up with gum-water to a thick

plastic mass, and short cylinders are formed of this mixture, and

these are then dried. On igniting them at the end they burn

with a blue sulphur-like flame, the ash being very bulky and

extending in a serpent-like form. The residue when heated

yields mellone. (See vol. i. p. 677.)
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MERCURY AND SULPHUR.

239 Mercuric Sulphide or Cinnabar, HgS, usually occurs in beds

in slate rocks and shales, and more rarely in granite or porphyry.
It is found in Idria, Almaden, in the Palatinate, in Carinthia, Tran-

sylvania, Tuscany, in the Urals and Altai, in China abundantly,
and in Japan, Mexico, and Southern Peru. Extensive mines of

cinnabar exist in California in the coast ranges at different points,

at Clear Lake in the North to San Louis Obispo in the South, the

principal mines in which region are at New Almaden and the

vicinity in Santa Clara Co., about sixty miles S.S.E. of Sari

Francisco.

Cinnabar is found in rhombohedral crystals, and also in the

granular and massive states. It possesses a cochineal-red colour

often inclined to brownish-red and lead-grey ;
its streak is scarlet,

and it is sub-transparent or opaque, possesses a couchoidal frac-

ture and its lusture is adamantine inclined to metal-like. Theo-

phrastus mentions this mineral as Kiwdftapw ;
the term, how-

ever, was afterwards used to designate dragons' blood. Pliny
terms this latter substance cinnabaris, and, as has already been

stated, the mineral cinnabar being frequently confounded with

red-lead, was termed by him minium.

The artificial preparation of this compound was first described

by Geber under the name of usifur. At the beginning of the

seventeenth century, Turquet de Mayerne found that by rubbing

mercury and sulphur together a black powder was obtained, and

in 1689 Walter Harris showed that this compound can be ob-

tained by intimately mixing dry sulphur and mercury. Prepared
in this way it was termed JEthiops mineral, and was employed
as a medicine, and in the year 1757, J. C. Jacobi proposed to

employ for the same purpose the precipitate obtained, by adding

caustic soda to a solution of a mercury salt
;
this was known under

the name of pulvis hypnoticus. The mode of preparing cinnabar

by the wet way was first observed by G. Schulz, in 1687 ;
he

obtained it by shaking together for some time, Boyle's volatile

tincture of sulphur and metallic mercury. In 1773, Baume

showed that the black precipitate which this liquid produces
in a solution of mercury is gradually converted into cinnabar.

The difficulty of explaining the difference between the black and

the red sulphides of mercury was increased by the fact that the

70
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one can be converted into the other. Stahl believed that the

black compound contained more sulphur than the red one
;

others assumed that in the latter compound the sulphur was

more intimately combined than in the former, or that both being

compounds of oxide of mercury with sulphur, the cinnabar

contained mercury in a higher state of oxidation. Berthollet,

on the other hand, considered cinnabar as mercury sulphide

whilst he regarded the black modification as a compound of

mercury with sulphuretted hydrogen. It was not until 1833

that the identity in composition of both these substances was

ascertained by Fuchs,
1 and the difference between them ex-

plained by the fact that the black compound is amorphous
whilst the red is crystalline.

In order to prepare cinnabar in the dry way, according to the

Dutch process, mercury is added to an excess of fused sulphur
and then the cold broken mass is brought into earthenware pots
which are heated in a sand-bath until the excess of sulphur is

driven off. The crucible is then covered with an iron plate and

the temperature raised until the cinnabar sublimes and is

deposited upon the plate.

In the process of manufacturing vermillion in Idria, 8 parts
of sulphur and 42 parts of mercury are placed in small barrels

which are caused to rotate on their axis until the contents are

converted into a brown powder; this substance is then distilled

in iron retorts, furnished with a head and receiver
;
the purest

cinnabar condenses in the head of the retort whilst the portions

deposited in the receiver consist of a mixture of this substance

with sulphur and require redistillation. The sublimate is then

very finely levigated, treated with caustic soda, and then washed

with water and dried.

Vermillion obtained in the wet way possesses a much finer

colour than the Sublimed vermillion, and it can be prepared
in a variety of ways. According to Brunner's 2

process 100

parts of mercury and 38 parts of flowers of sulphur are

rubbed together for some hours and then the mass mixed with

25 parts of potash dissolved in 150 parts of water at 45. The
mixture is then heated, the quantity of water being kept con-

stant for about eight hours. After this time the mass begins to

exhibit a red colour, and when the right tint hss been attained

the mass is quickly washed with water, as by the further action

1
Schweigg. Journ. Ixvii.

2
Pogg. Ann. xv. 593
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of potash the verrnillion becomes "brown. In another process
described by Firmenich,

1 5 kilos of mercury mixed with 2 kilos

of sulphur and 4'5 liters of a solution of potassium pentasulphide
are heated in a water-bath, the potassium pentasulphide solution

being obtained by reducing 20 parts of potassium sulphate with

carbon and boiling the product with 3' 5 parts of water and 15

parts of sulphur. The mixture is then poured into strong

stoppered bottles and these are well shaken whilst the liquid is

being heated. After the lapse of from three to four hours a

brown powder is formed. The liquid is then allowed to cool to

50 and is digested at this temperature for some days until the

colour of the product reaches the right shade
;
then it is mixed

with caustic soda in order to withdraw the excess of sulphur,
washed with water, and dried at 60.

Sublimed cinnabar is often observed in distinct crystals,

having the form of the natural mineral. Generally, however,
it forms a fibrous mass, having a cochineal-red colour, but when

powdered it has a scarlet-red tint. Its specific gravity is 8*124

(Boullay) ;
the specific gravity of its vapour is 5'34 (V. Meyer),

from which it appears that in the gaseous condition the com-

pound undergoes dissociation. Cinnabar is not attacked by
hot nitric acid, but aqua-regia dissolves it easily with libera-

tion of sulphur. It is soluble in concentrated hydriodic acid in

the cold and also in the dilute acid when warmed, sulphuretted

hydrogen being evolved (Kekule*). Verrnillion is used as an oil-

and water-colour paint, for red lithographic- and printers'-ink

and for colouring sealing-wax, &c. It is sometimes adulterated

with red-lead or red oxide of iron. The presence of these

impurities can be readily ascertained, inasmuch as pure ver-

million sublimes without leaving any residue.

Black or amorphous mercuric sulphide, which occurs as a

mineral in California,
2

is formed, as has already been stated,

when flowers of sulphur and mercury are mixed together.

The excess of sulphur can be removed by carbon disulphide,

and the excess of mercury by dilute nitric acid. It is likewise

formed when the component elements are gently heated together,

and also by gently heating cinnabar in absence of air, although

by the application of a stronger heat the latter compound

again sublimes. When solutions of the polysulphides of the

alkali metals act upon mercury, the black sulphide is likewise

1
Dingl. Polyt. Journ. clxxii. 870.

1
Moore, Journ. Prac. Chem. [2], ii. 319.
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obtained, and Ihe same compound may also be prepared by

acting with an excess of sulphuretted hydrogen or sulphide of

ammonium on a solution of a mercuric salt. Mercurous salts

treated in this way yield a mixture of mercuric sulphide and

finely-divided mercury. On passing sulphuretted hydrogen into

a solution of mercuric chloride, a white precipitate is first

obtained, and this becomes yellow and ultimately black on the

further action of the gas. This white compound has the com-

position 2HgS + HgCl ,
and on sublimation decomposes into

cinnabar and corrosive sublimate. Other salts of mercury form

similar compounds.
Mercuric sulphide also combines with the sulphides of the

alkali metals
; thus, for instance, if a solution of mercuric

chloride be treated with a solution of potassium sulphide con-

taining some free alkali, a clear solution is obtained and, on

evaporation, very slender silky needles of the compound HgS +
K

2
S + 5II

2
are deposited. It is a very unstable compound,

and on washing is resolved into its constituents. It was first

obtained by Brunner, in the preparation of vermillion according
to his method. The conversion of the black amorphous sulphide
into vermillion, probably depends upon the formation of this

body.
Mercurovj Sulphide does not exist, a mixture of metallic

mercury and mercuric sulphide being produced in cases in which
its formation might have been expected.

MERCURY AND NITROGEN.

240 Mercury Nitride or Trimercuric-diamine, N2Hg3
. This

compound may be considered as derived from a double molecule
of ammonia, N2

H
6, by the substitution of three atoms of dyad

mercury in the place of six atoms of hydrogen. For its pre-

paration, ammonia gas is passed over dry precipitated mercuric

oxide, first in the cold and afterwards at a temperature of 130
until no further formation of water occurs :

x

3HgO + 2NH
3
= N

2Hg3 + 3H20.

The dark-brown powder which is thus obtained is treated with
dilute nitric acid in the cold in order to extract any mercury or

mercuric oxide. In the dry state trimercuric-diamine explodes
1
Plantamour, Ann. Chcm. Pharm. xl. 115.
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with great violence on heating, on friction, on percussion, or in

contact with strong sulphuric acid. Alkalis decompose it,

ammonia being evolved.

MERCUROUS-AMMONIUM COMPOUNDS.

241 Mercurom-ammonium Chloride (NH3)2Hg,Cl 2
. Precipi-

tated calomel absorbs dry ammonia, forming a black powder,
which on heating, or on exposure to the air, decomposes into

inercurons chloride and ammonia.

Dimercurous-ammonium Chloride, NH
2Hg2Cl, is a black

powder which is obtained by treating calomel with aqueous
ammonia:

2HgCl 4 2NH
3
= NH

2Hg2
Cl + NH4

C1.

It is permanent in the air, and is decomposed by hydrochloric
acid gas according to the following equation :

NH2Hg2
Cl + 2HC1 = 2HgCl + NH4C1.

When a dilute solution of mercurous nitrate containing the

smallest possible quantity of free nitric acid is precipitated with

an insufficient quantity of dilute ammonia, a black precipitate,

known as Mercurins solubilis Hahnemanni, is formed. From the

analysis of C. G. Mitscherlich, it appears to possess the formula

2(NHHg3)N03,
2H

2
0. The composition of the body varies

according to the method employed in its preparation, and it is,

therefore, probably a mixture of several compounds. It is

decomposed on exposure to light into mercury, basic mercurous

nitrate, and ammonia.

MERCURIC-AMMONIUM COMPOUNDS.

242 Dimercuricammonium Oxide, (N"Hg2) 2
O. When mercuric

oxide is gently warmed with pure dilute ammonia, a pale yellow

powder having the composition NHg2OH + 2H
2

is obtained,

which deflagrates without explosion on rubbing, or when

thrown on to hot charcoal. Heated in a current of dry ammonia

to 100, it loses its water. The anhydrous compound is also

formed by the action of dry liquid ammonia on mercuric

oxide. It is a dark-brown powder, which on heating or even on
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trituration, explodes very violently. Dry hydrochloric acid

gas decomposes it into mercuric chloride and water.

Dimercuricammonium .Chloride, NHggCl, is formed by the

action of alcoholic hydrochloric acid on the foregoing compound.
It is a yellow powder which, when heated to 300, is suddenly
resolved into calomel, mercury, and nitrogen.

Mercuricammonium Chloride, NHgH 2
Cl. This compound is

known as infits-ible white precipitate. It is formed when a solu-

tion of corrosive sublimate is precipitated by ammonia. When
first precipitated, it is a bulky white power, and it possesses an

earthy metallic taste (Foureroy). Its production is represented

as follows :

HgCl 2 + 2NH3
= NHgH2

Cl + NH
4
C1.

It decomposes below a red-heat without fusion, forming calomel,

ammonia, and nitrogen :

6NHgH2
Cl = 6HgCl + N

2 + 4NH
3

.

On washing with cold water it is converted into hydrated
dimercuricammonium chloride. If it be mixed with iodine and

alcohol poured on it, mercuric iodide is first formed and then

a violent explosion occurs. The mixture also deflagrates in the

dry state after some time.

Mercuricdiammonium Chloride, (NH3)2HgCl 2
. This compound,

known as fusible white precipitate, was first prepared by Ray-
mond Lully, by precipitating mercuric nitrate with sal-ammoniac

and salt of tartar. He was acquainted with its property of

fusing when heated. At a later time this body was confounded

not only with the foregoing compound, prepared first by Lemery,
but also with calomel prepared by the wet process. Kunkel,

although he gave both to this last preparation and to fusible

white precipitate the name of lac mercurii, was aware of their

difference. He says,
" Whether these two have the same effect

in medicine, I leave to the physicians and surgeons ;
in examine

ckymico they are very different." Wohler, in 1838, pointed out

the difference between the fusible and infusible precipitate.
Fusible white precipitate is obtained either by adding a

solution of corrosive sublimate to a boiling aqueous mixture of

sal-ammoniac and ammonia as long as the precipitate which is

formed dissolves, or by boiling the infusible white precipitate

with a solution of sal-ammoniac. Small regular dodecahedrons

1
Weyl, Fogg. Ann. cxxi. 606 ; cxxxi. 539.
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or crystalline crusts arc deposited on cooling, and these on

heating fuse, losing nitrogen and ammonia, and a mixture of

calomel, corrosive sublimate, and sal-ammoniac sublimes.

In addition to the above-mentioned mercuric-ammonium

compounds, many others have been prepared. They may be con-

sidered to be derived from ammonium salts, either by complete
or partial substitution of their hydrogen by dyad mercury.
Of these must be mentioned :

Oxydimercuricammonium Iodide, NH2Hg2OI, which is formed

by the action of an excess of ammonia on mercuric iodide, and

also when ammonia is passed at a temperature of 180 over the

basic oxy-iodide of mercury, Hg4 3
I
2

:

-Hg-1
n-^jT- o/Hg\vrH I

+ JJNU
8
~ ^NH/1

\Hg O

The same compound is easily obtained by adding ammonia to a

solution of mercuric potassium iodide, containing an excess of

potash, and hence this liquid, known as Nessler's solution,

(vol. i. p. 252,) is employed as a very delicate re-agent for the

detection of ammonia. Oxydimercuricammonium iodide is a

brown powder which often exhibits a reddish-purple colour,

and, on heating in absence of air, fuses to a brown liquid,

and when more strongly heated, decomposes with emission of

light, into water, mercuric iodide, ammonia, and nitrogen.

MERCURY AND PHOSPHORUS.

243 Mercuric Phosphide is obtained as a black powder, together

with mercuric phosphate, by heating mercuric oxide and phos-

phorus together in water. If a current of phosphorus hydride

be passed over gently-heated mercuric chloride, an orange

yellow sublimate of mercuric phosphide is obtained which

decomposes on -heating into its elements (H. Eose).

Dimercurphosphonium-Mercuric Chloride, 2(PHg2Cl.HgCl2)

+ 3H2O, is formed by the action of phosphorus hydride upon
a solution of corrosive sublimate :

2HgCl2 + PH3
= PHg2Cl + 3HC1.

It is decomposed on heating, arid on boiling with water :

PHggCl + HgCl2 + 3H2
= 3HC1 + H3P03 + 3Hg.
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Other mercurphosphonium compounds having a similar con-

stitution have been prepared.

DETECTION AND ESTIMATION OF MERCURY.

244 Bunsen's flame-reaction may be conveniently employed
in order to detect the presence of mercury in a solid body.

For this purpose the substance is mixed with a small quantity

of anhydrous sodium carbonate and nitre, and the mixture

is heated in a tube held in the flame by means of a platinum wire

wound round it, the mouth of the tube being placed directly

under a small porcelain basin filled with cold water. The

mercury is then volatilized, and deposits on the cool lower

surface of the porcelain basin in the form of a grey film.

This is wiped off with a small piece of filter paper, when the

minute globules of liquid metal are rubbed together and a

larger globule is obtained. If a large quantity of mercury be

present, globules are at once formed on the cold basin.

When a liquid has to be tested for mercury, it is in the

first place acidified with hydrochloric acid. If this produces
a white precipitate a mercurous salt may be present together

with silver, lead and thallium. The two last metals may be

removed by boiling the precipitate with water. The residue

is then treated with ammonia, in which the chloride of silver

is soluble. If a black powder remains mercury is present,

and its presence can be confirmed by the flame reaction just

described. The filtrate from the first precipitate, or the solution

in which the hydrochloric acid gives no precipitate, is saturated

with a current of sulphuretted hydrogen gas. If mercury be

present a white precipitate will first be formed, this rapidly

changes colour, becoming yellow, brownish- red, and finally

black. In order to separate mercury from the other sulphides
which may be present, the precipitate is first washed with hot

water, then warmed with sulphide of ammonium, again washed

with water, and the residue treated with hot dilute nitric

acid. If a heavy black powder remains undissolved, this is

treated with aqua-regia, the solution concentrated, and tin di-

chloride added to this solution, when calomel is precipitated, and
if an excess of the precipitant be added, finely-divided metallic

mercury is deposited as a black powder, which on boiling
with hydrochloric acid unites to form distinct globules. The

following equation represents the decomposition :
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(*) 2HgCl.2 + SnCl
2
= 2HgCl + SnCl

4
.

(6) 2HgCl + SnCl 2
= 2Hg + SiiCl4.

The spark-spectrum of mercury obtained by an electric

discharge passing from platinum wires moistened with mercuric

chloride contains several lines, of which one in the green almost

coincident with a silver line, and one in the blue are especially

bright. In addition to these there are two other characteristic

lines close together, occurring in the greenish yellow (Lecoq
de Boisbaudran).

Mercury is best determined quantitatively by precipitating
the solution with sulphuretted hydrogen. The sulphide thus

precipitated frequently contains free sulphur, and it is therefore

warmed with hydrochloric acid, nitric acid being added drop by

drop until the sulphur, which separates out, has become yellow.

Then the solution is diluted with water, nearly neutralised with

caustic soda, excess of potassium cyanide added, and the sulphide

again thrown down with sulphuretted hydrogen ;
the precipi-

tate thus obtained is quickly washed with cold water, dried

at 100 and weighed. Mercury can also be determined as

mercurous chloride and as the metal.

The atomic weiyht of mercury has been determined by
Erdmann and Marchand, 1

by the analysis of pure cinnabar and

pure mercuric oxide. The mean of five analyses of the

sulphide was as follows :

Mercury 86'211

Sulphur 13789

lOCHOOO

From this the following atomic weight is calculated :

86-211 x 31-98,
13789

Five analyses of the oxide gave the following mean :

Mercury 92'597

Oxygen 7'403

100-000

The atomic weight thus obtained is :

92 '59
I4

X

0t

15 '96 = 199-63

Hence the mean of the two determinations is 199 -8.

1 Journ. Pract. Chcm. xxxi. 385.
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Yttrium. Terbium.

Lanthanum. Erbium.

Cerium. Scandium.

Didymium. Ytterbium.

Samarium.

245 In the year 1794 Professor Gadolin of Abo in Finland

discovered a new earth in the mineral, termed after him gadolinite,

which had been found at' Ytterby in the year 1788. This dis-

covery was confirmed in the year 1797 by Eckeberg, who found

that the compound separated by Gadolin contained, together with

glucina, a new earth, to which he gave the name of yttria. In

1803 Klaproth discovered a second peculiar earth in another

Swedish mineral found at Eiddarhyttan, which mineral had

formerly been supposed to contain tungsten, and to this, because

it became dark-yellow on heating, he gave the name of ochroite.

The same substance was examined simultaneously by Berzelius

and Hisinger, and they considered it as the oxide of a new
m^tal and termed it cerium, after the planet Ceres, which had

been recently discovered, whilst the mineral was called cerite.

In 1819 Berzelius observed that crude yttria also contains

ceria
;
and Mosander, in 1839, showed, in a most careful investi-

gation, that the latter earth contained the oxide of another

metal, to which he gave the name of lanthanum (\av6dvay, I

lie hidden) ;
and in 1841 he discovered a third new substance,

to which he gave the name didymium (from S/.v/i<u, twins).

The same chemist in 1843 concluded from another series of

investigations that yttrium is invariably accompanied by two

other metals, to which he gave the names of terbium and erbium

from the terminal letters of the stem of the word Ytterby. Ac-

cording to the investigations of Bunsen and Bahr,
1
only one of

1 Ann. Chem. Pharm. cxxxvii, 1.
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the two last-named metals appears to exist, and for this they
retained the name erbium, but the recent researches of Dela-

fontaine and Marignac
l have however shown that terbium is

a distinct element.

The metals of the cerium group occur in several rare minerals

found in Scandinavia, Siberia, and Greenland. They are chiefly

contained as silicates, less frequently as phosphates, tantalates,

titanates. and fluorides. The following analyses give the com-

position of some of the most important of these :

246 The separation of the metals of this group from one

another, and the preparation of their pure compounds, is

i Arch. Sc. Phya. Nnt. de Genive, 1878, 273 and 288.
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extremely difficult. Of the several methods which have been

proposed we shall here only mention that which Bunsen l em-

ploys in his spectral-analytical researches. His words are as

follows :

"As the separation of these earths presents very consider-

able difficulties, and as the methods hitherto employed do not

yield altogether satisfactory results, it appears to me to be

necessary that I should say something concerning the prepara-

tion of the perfectly pure material with which the spectra here-

after described were obtained.
"
Cerite from Utoe was pulverised and mixed in a Hessian

crucible with concentrated sulphuric acid in quantity sufficient

to fill the crucible to one -third
;
the excess of acid was removed

by strongly heating the crucible
;
the powdered residue was mixed

with water at 0, care being taken that no rise of temperature

should ensue
;
the solution was separated by filtration from the

solid matter, which was again treated with sulphuric acid, &c.

From the solution saturated with sulphuretted hydrogen (in

order to remove arsenic, molybdenum, bismuth, copper, and

lead), strongly acidified with hydrochloric acid and oxidised by
chlorine, the oxalates of cerium, lanthanum, and didymium were

precipitated by means of oxalic acid. The oxides, obtained by

strongly heating the precipitated oxalates, were dissolved in

nitric acid, and the solution was evaporated to the consistency
of a syrup over the water-bath.

"
By dissolving the mass after cooling in cold water, and boil-

ing the liquid for some time with water containing 2 cubic cen-

timeters of concentrated sulphuric acid per liter, the greater part

of the cerium was precipitated as basic sulphate (three liters

of the acidified water were required for 250 grams of oxides).
The precipitate was washed with acidified water, dissolved in a

slight excess of dilute sulphuric acid, and the solution reprecipi-
tated by pouring into several liters of boiling water. The solution,

precipitation, and washing were repeated two or three times

before every impurity was removed from the precipitate. After

these processes the greater part of the cerium remains in solu-

tion, so that but a few grams of the pure cerium compound
are obtained from 100 grams of the mixed oxides. A pure

product may be obtained from the various liquids collected

during the processes by treating them as described above.
" The perfect purity of the substance thus obtained was shown

1 Phil. Mag. [4], 1. 533.
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by the following behaviour : The pale-yellow hydrated oxide

precipitated by caustic potash from the solution of the basic

sulphate, when treated with chlorine in a concentrated solution

of caustic potash, yielded a deep orange-red oxidation product,
without the solution (although saturated with chlorine) taking

up the smallest trace of a foreign earth.
" Cerium oxide, after being strongly heated in the air, is of a

pure yellowish-white colour, which changes to orange while the

oxide is hot. The sulphate does not give the smallest precipitate

(thorium oxide) when warmed with sodium dithionate. The
oxalate is to a considerable extent soluble in ammonium oxalate

solution, but is entirely reprecipitated on dilution with cold

water. Small quantities obtained in this way by fractional pre-

cipitation, when converted into chlorides, showed one and the

same spark-spectrum when examined, and gave no indication of

the lines peculiar to lanthanum or yttrium. No 'appearance
of the absorption spectrum of didymium or erbium could be

obtained with any of the concentrated cerium solutions.
" The preparation of pure lanthanum compounds is best com-

menced with the liquid from which basic cerium sulphate has

been for the first time precipitated by means of boiling acidified

water. This liquid is boiled with natural pulverised magnesite,

whereby the greater part of the dissolved cerium oxide is pre-

cipitated. After removing the precipitate, oxalic acid is added

to the liquid acidified with hydrochloric acid
;
the precipitate

which is formed is strongly heated in a porcelain crucible till

the oxalic acid is decomposed ;
the oxides thus formed are

dissolved in sulphuric acid ; the solution is evaporated, diluted

with water, and again boiled with magnesite. The liquid, which

yet contains traces of cerium, is several times subjected to the

same treatment with oxalic acid and magnesite ;
the oxides are

at last dissolved in sulphuric acid, the acid is removed by eva-

poration, and the salt is heated to incipient redness. In order

to obtain from this salt a lanthanum compound perfectly free

from didymium, the original process of Mosander is the simplest

and safest. The dehydrated sulphate is dissolved in small

quantities of water at to 5
;

the liquid is warmed until

the lanthanum salt precipitates in the form of a soft white mass

of small needles ;
this mass is placed in a funnel heated to

100, and the mother liquor (which is set aside for the pre-

paration of didymium salts) is removed by means of the air-

pump. The mass dehydrated at an incipient red-heat is treated
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in the same way six or eight times. A layer 0'2 millimeter thick

of a concentrated solution of pure lanthanum sulphate shows no

trace of the absorption-lines of didymiurn or erbium, nor, after

conversion into chloride and testing in the spark-spectrum, any

of the lines of cerium or yttrium.
"
Samples of lanthanum oxalate obtained from this material

by fractional precipitation exhibited, when converted into

chlorides, no differences in the number, position, and relative

intensity of their lines.

" Lanthanum oxalate comports itself towards ammonium oxa-

late in the same manner as the corresponding cerium salt
;
the

fractional precipitates from ammonium oxalate show the same

spectrum throughout. Lanthanum chloride gives no flame-

spectrum ;
but it is characterised by a very brilliant spark-

spectrum rich in lines.

" The first mother-liquor from the lanthanum sulphate is the

starting-point in the preparation of pure didymium compounds.
The methods hitherto put forward for the purifying of didymium

compounds yield substances in which lanthanum is easily

detected by the spark-spectrum. The removal of these im-

purities is carried out by me as follows : If didymium sulphate,

prepared according to Mosander's original directions, be decom-

posed by oxalic acid gradually added, the oxalates of didymium
and lanthanum, which are at first precipitated, are again dis-

solved, until a point is reached when, upon the further addition

of acid and shaking, the formation of a permanent crystalline

amethyst-coloured precipitate commences. This first part of

the precipitate is rich in didymium ;
it is separated from the

other part, which contains larger quantities of lanthanum.
" The precipitate is converted into neutral dehydrated didy-

mium sulphate, which is again treated in the way just described
;

and this treatment is repeated until the last product does not

exhibit any lanthanum-lines in the spark-spectrum."

247 The following method was employed by Bunsen and

Bahr 1 for the preparation of pure yttrium and erbium com-

pounds. Gadolinite is decomposed by heating with strong hydro-
chloric acid and the solution of the chlorides precipitated with

oxalic acid. The mixed oxalates of yttrium, erbium, cerium,

lanthanum, didymium, calcium, and magnesium, together with

traces of oxalate of manganese and silica, are then converted

into nitrates, and the solution treated with an excess of solid

1 Ann. CJwm. Pkarm. cxxxvii. 1.
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potassium sulphate. Double sulphates of cerium, lanthanum,
and didymium with sulphate of potash are thus formed, and as

these double salts are insoluble in a solution of potassium

sulphate, the above three metals can thus be separated from the

yttrium and erbium. These latter are then precipitated from

the solution by means of oxalic acid
;
the oxalates converted

into the oxides by ignition, and these washed with hot water in

order to remove any potassium carbonate. The oxides are then

again dissolved in nitric acid, re-precipitated from solution as

oxalates, and again converted into oxides by ignition ;
these

several operations being repeated until the nitric acid solution

does not yield any longer the characteristic absorption-spectrum
of didymium. The solution is then precipitated with ammonia,
when any calcium and magnesium salts present remain in

solution, the precipitate dissolved in nitric acid, and the solu-

tion of the nitrates precipitated with oxalic acid. In order

to separate yttrium and erbium the oxalates are converted into

the nitrates, the solution evaporated in a platinum basin until

bubbles of nitrous fumes begin to come off, and then the basin

quickly cooled by placing it in cold water. The bright glassy

mass obtained on cooling is dissolved in such a quantity of

warm water that, on boiling, no precipitate is thrown down.

On slowly cooling, needles of erbium nitrate separate out con-

taining yttrium. These are separated by decantation from the

liquid, and washed with water containing three per cent, of nitric

acid. The mother-liquor yields a second crop of crystals on

repetition of the process, the latter portions containing however

more yttrium. The salt can be purified by mixing the first and

purer crops of crystals, and recrystallising, and by a repetition

of these operations pure erbium nitrate can be prepared.

For the preparation of the yttrium compounds, the above

mother-liquor is employed, which, together with erbium, also

contains other metals of the group. The liquid is treated

repeatedly with potassium sulphate until the solution does not

show the didymium absorption-spectrum. The yttrium sulphate,

containing erbium sulphate, is then converted into the nitrate,

and this heated nearly to redness. Water dissolves basic yttrium

nitrate from the residue, and by repeating this process a product

is ultimately obtained which does not exhibit the absorption-

spectrum of erbium.

The metals contained in cerite and gadolinite decompose
water slowly at the ordinary temperature, dissolve readily in
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dilute hydrochloric acid, and form with water insoluble basic

tesquioxides such as Y
2
O3 and its corresponding salts YC13 ,

Y2(SOJ3, &c.

YTTRIUM. Y = 89 o.

248 Cleve obtained yttrium as a dark-grey powder possessing
a metallic lustre under the burnisher. He prepared it by the

electrolysis of the double chloride of yttrium and sodium, and
also by fusing this salt with sodium. Yttrium decomposes
water slowly in the cold but more quickly on boiling.

1

Yttrium Oxide, Y2 3 ,
is obtained as a yellowish-white powder

by igniting the oxalate or h}
7droxide. On ignition this emits A

bright white light. It does not combine directly with water,

but when an yttrium salt is precipitated with an alkali the

hydroxide is thrown down as a gelatinous precipitate. Yttrium

oxide dissolves slowly but completely in hydrochloric, nitric,

and sulphuric acids

SALTS OF YTTRIUM,

249 Yttrium Chloride, YClg, formed by heating the metal

in chlorine, is a white non-volatile body. When the oxide is

dissolved in hydrochloric acid the hydrate YC1 3 + 6H2
is

obtained on evaporation in deliquescent prisms which are

soluble in alcohol but insoluble in ether. These dscompose
when heated alone with . evolution of hydrochloric acid

; but

when ignited in presence of sal-ammoniac the anhydrous
chloride is obtained.

The bromide and iodide are very similar to the chloride.

Yttrium Fluoride occurs together with the fluorides of cerium

and calcium in the mineral yttrocerite found near Fahlun in

Sweden, at Amity, Orange County, New York, in Massachusetts,

and at Mount Mica in Maine. It is massive, crystalline-

granular and earthy, having a glistening vitreous to pearly lustre,

and colour varying from violet-blue to grey and white. Some-

times it has a reddish-brown colour.

Yttrium Sulphate, Y2(S04) 3 4 8H20, forms transparent crystals,

which lose their water at 115. 100 parts of water at lo-5

dissolve 15 '2 parts of the anhydrous salt, but when the solution

is warmed a portion separates out in the crystalline state.

1
Cleve, Compt. Bend. xcv. 1125.
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Yttrium Nitrate, Y(N03)3 + 6H
20, is easily soluble in water,

alcohol, and ether, forming large needles which do not effloresce

in the air.

Yttrium Orthophosphate, YP04 + 2H 20, is slightly soluble in

water; the metaphosphate, Y(P03) 3 ,
is an insoluble crystalline

powder ;
and the pyrophosphate, 2YHP2 7 4- 7H20, is soluble ill

water.

Yttrium Carbonate, Y2(C03)3 + 3H
20, is a heavy white powder

insoluble in water.

Yttrium Sulphide, Y2
S
3, is obtained as a grey powder by heat-

ing the oxide in the vapour of carbon disulphide. It is not

soluble in water, but is decomposed by acids (Wohler).

DETECTION AND ESTIMATION OF YTTRIUM.

250 This metal is most readily recognised by the spark

spectrum of the chloride. This contains a large number of

bright lines, of which two groups lying near the sodium line

towards the red are especially characteristic. The reactions of

the yttrium salts are very similar to those of zirconium, under

which metal further detaifs will be given.

In order to estimate yttrium quantitatively it is precipitated

as the oxalate or hydroxide, and this by ignition is converted

into the oxide. If potassium salts are present, the oxalate

precipitate consists of yttrium potassium oxalate, and this on

heating yields a mixture of yttria and potassium carbonate,

which must then be dissolved in hydrochloric acid and the

earth reprecipitated by ammonia.

The atomic weight of yttrium was determined by Bahr and

Bunsen by the analysis of the sulphate to be 9 2 -5. According
to Cleve and Hoeglund

1 on the other hand it is 89-6. This

difference is probably due to the presence of other earths.

LANTHANUM. La =
138-0.

251 Mosander obtained metallic lanthanum as a grey powder

by heating the chloride with potassium. Hillebrand and

Norton 2
prepared it by the electrolysis of the fused chloride,

and obtained it in the form of fused globules, some of which

weighed as much as six grams. Thus prepared it has a specific

gravity of 6163 and an iron grey colour; it takes a high
1 Bull. Soc. CMm. [2] viii. 199. 8

Fogg. Ann. clvi. 468.

77
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polish, but soon tarnishes, even on exposure to dry air, attaining

a steel-blue colour. The metal can be hammered out to tolerably

thin foil, but cannot be drawn into wire. The finely-divided

metal burns brightly when thrown into the name. It also

takes fire when thrown into chlorine gas. It burns less brightly

in bromine vapour, and combines with iodine without evolution

of light and heat. Cold water oxidises it slowly with formation

of the hydroxide. Cold concentrated sulphuric acid does not

attack it, but in dilute sulphuric acid and in hydrochloric acid

it dissolves with violent evolution of hydrogen gas, and is oxi-

dised both by concentrated and dilute nitric acid.

Lanthanum Oxide, La
2 3 . This is obtained in the form of a

white powder, which has a specific gravity of 6'48, by heating
the hydroxide, oxalate, carbonate, or nitrate. It combines

with water with evolution of heat, like lime, with formation of

a voluminous snow-white powder of Lanthanum Hi/droxide^

La(OH)3,
which is also obtained by precipitating a lanthanum

salt with an alkali in the form of a gelatinous precipitate which

easily absorbs carbon dioxide from the air. The hydroxide has

an alkaline reaction and decomposes ammonia salts on heating.

SALTS OF LANTHANUM.

252 Lanthanum Chloride, LaCl
3

. This body is obtained in

the anhydrous state by heating its ammonium double salt. It

is a crystalline mass very soluble in water and alcohol. When
the oxide is dissolved in hydrochloric acid, and the solution is

evaporated to a syrup, large prisms having the composition
LaCl3 + 7H 2 are deposited, and these when heated lose hydro-
chloric acid.

Lanthanum Sulphate, La
2(S04)3 + 9H

20, crystallises in six-

sided pointed prisms which are more soluble in cold than in hot

water. One part of the anhydrous salt dissolves at 13 in less

than 6 parts, whilst at 100 it dissolves in about 115 paits of

water, and is insoluble in a solution of potassium sulphate.

Lanthanum Nitrate, La(N03)3 + GH20, is a salt easily soluble

in water and alcohol, crystallising in oblique prisms or tables.

Lanthanum Carbonate, La
2(C03)3 + 8H

2
0. This occurs as

lanthanite, a mineral which contains varying quantities of cerium

and crystallises in greyish-white, pink, or yellowish rhombic

prisms. It occurs at Bastnas in Sweden ; also in Silurian lime-
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stone with the zinc ores of the Saucon Valley, Lehigh County, Pa,
and in other localities in the United States. When a lanthanum
salt is precipitated with a soluble carbonate, this same salt is

obtained in the form of glittering scales.

Lanthanum Sulphide, La
2
S
3 ,

is obtained by heating the oxide

in the vapour of carbon disulphide, in the form of a yellow mass

which is decomposed by water.

DETECTION AND ESTIMATION OF LANTHANUM.

253 Lanthanum chloride yields a spectrum consisting of

many very bright and characteristic lines, by means of which

even traces of the metal can be readily detected. The salts of

lanthanum possess an astringent sweet taste. Their most im-

portant reactions have already been described.

Lanthanum is determined quantitatively by precipitating it

either as hydroxide' or as oxalate, these being converted by igni-

tion into the oxide.

The atomic weight of lanthanum has been determined by

many chemists, but with varying results. The latest experiments
of Cleve 1

give the number 13S'9o to 13945, whilst Holzmann

obtained values vaiying from 138'3 to 139'8. Hermann found

139*2, and Zschiesche 2 obtained 135'L

CERIUM, Ce = 139-9.

254 This metal was first prepared by Mosnnder, in the form

of powder, by heating the chloride with sodium. Wohler after-

wards obtained it in the coherent state, and Hillebrand and

Norton have prepared it in large quantity by the electrolysis of

the chloride. It possesses the colour and lustre of iron, and is

tolerably permanent in dry air, but in moist air tarnishes,

becoming first of a yellow, then of a blue, and finally of a green

colour. It possesses the hardness of calc-spar and can be

hammered and rolled, and, when warm, drawn into wire. The

electrolytically prepared metal has a specific gravity of 6'628,

but after melting under common salt it has a specific gravity of

6728. Cerium melts at a lower temperature than silver, but at

a higher one than antimony. It takes fire more easily than

magnesium, and when scratched with a wire, or scraped with a

* Bull. Soc. Chim. [21 xxi. 196. 8 Journ. pr. Chem. cvii. 05.
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knife the particles of finely-divided rnetal which are rubbed off

take fire. The same phenomenon is observed when the metal is

struck with a piece of flint, sparks of the metal flying off and

burning with great brilliancy. The metal also burns in the

flame with a much more brilliant light than magnesium. It

reacts upon the elements of the chlorine group, upon water, and

upon acids in a similar way to lanthanum, but it is not attacked

in the cold by concentrated nitric acid.

CERIUM AND OXYGEN.

255 Cerium forms two oxides
; (1) a sesquioxide, Ce2 3, and

(2) a dioxide, CeO^ The latter acts as a weak base, and in

many respects as a peroxide.

Cerium Sesquioxide, Ce
2 3,

is obtained as a bluish-green

powder by heating the oxalate or carbonate in a current of

hydrogen gas. When caustic soda is added to its salts a white

voluminous precipitate of the hydroxide is thrown down. This

on exposure to the air takes up oxygen and carbon dioxide, and

becomes coloured yellow. Its specific gravity is 6'937.

Cerium Dioxide, Ce02 ,
is formed when a cerium salt containing

a volatile acid is heated in the air. It is a white or pale straw-

coloured powder. On heating it becomes dark-red, but on cooling
it assumes its original tint. When cerous chloride is ignited with

borax in a wind furnace, the dioxide is obtained in the form of

crystals.
1 On heating in a current of hydrogen it is only partially

reduced to Ce
2
O3 . Its specific gravity is 6739. The hydroxide

dissolves in hydrochloric acid, yielding a deep-yellow coloured

solution, which on heating forms the sesquichloride, chlorine

being at the same time evolved. Concentrated sulphuric acid

also dissolves it with a dark-yellow colour; the solution is a

powerful oxidising agent, and evolves considerable quantities of

ozonised oxygen.
On heating the acid sulphate with caustic potash, or by the

action of chlorine upon water containing the hydroxide of the

sesquioxide in suspension, the compound Ce(OH) 4 + CeO(OH) 2

is formed, and this on drying forms a sulphur-yellow powder.
1
Uordenskiold, Fogg. Ann. cxiv. 612.
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SALTS OF CERIUM.

256 Two series of salts are known corresponding to the

oxides. They are termed the cerous and the eerie salts.

CEROUS SALTS.

Cerous Chloride, CeCl3 ,
is formed as a yellowish-white subli-

mate when the metal is heated in chlorine, or when an intimate

mixture of the oxide and carbon is heated in this gas. The

hydrated salt, 2CeCl3 + 5H 20, remains behind as ill-defined

crystals when a solution of cerous oxide in hydrochloric acid is

allowed to evaporate over sulphuric acid. On heating, it

decomposes with evolution of hydrochloric acid and formation

of a basic chloride.

Cerous Bromide, 2CeBr3 + 3H20, forms deliquescent needles,

which, when heated in the air, decompose with evolution of

bromine.

Cerous Iodide, CeI3 + 9H2O, forms transparent easily soluble

crystals, which readily decompose with evolution of iodine.

Cerous Fluoride, CeF3 ,
is a white precipitate.

Cerous Sulphate, Ce
2(S04)3 , separates in the anhydrous state

from a warm solution, and dissolves in six parts of cold, and

about sixty parts of hot water. When the solution is evaporated
at a moderate temperature the salt Ce

g(S04) 8 + 9H2 crystallises

out. Other hydrates are also known.

Potassium-Cerous Sulphate, 3K 2
S0

4 + Ce
2(S04) 3 ,

is formed when

an equal or greater weight of potassium sulphate is added to a

solution of cerous sulphate. It dissolves in about fifty-six parts

of water at 20, and is almost insoluble in a concentrated solution

of potassium sulphate. It dissolves, however, readily in acidified

water, and on slow evaporation a double salt, Ce2(S04 )3 +
2K 2S04 + 3H20, crystallises out.

If less than the above proportion of potassium sulphate be

added to a solution of cerous sulphate, another salt having the

composition Ce
2(S04) 3+K2S04

is formed as a granular crystalline

mass.

Sodium and ammonium sulphate also form with cerium

difficultly soluble double salts.

Cerous Nitrate, Ce(N03) 3 + 6H20, is a crystalline mass which
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begins to decompose rJbout 200. Is is easily soluble in water and

in alcohol, and forms crystalline double salts with other nitrates.

Cerous Phosphate, CeP04 , occurs in the mineral mouazite,

(CeLaDi)P04 . This mineral often contains thorium, tin, man-

ganese, and calcium in varying quantities. It crystallises in

brownish hyacinth-red monoclinic crystals, and occurs in the

Urals, in Norway, and in several localities in the United States.

Cerous Carbonate, Ce
2(C03)3, occurs in lanthanite, and may be

obtained by precipitating a solution of cerous sulphate with

carbonate of ammonia. The precipitate thus obtained has the

composition Ce
2(C03)3 + 9H

20, and on standing it assumes the

form of small silky needles

CERIC SALTS.

257 Ceric Sulphate, Ce(S04) 2 + 7H20, is obtained by dissolving

the dioxide in dilute sulphuric acid and evaporating the salt in

a vacuum over sulphuric acid. It is then deposited in the form

of reniform masses consisting of fine crystals. In the moist

state these are brown, whilst when dried they are yellow. When
an excess of concentrated sulphuric acid is poured on the dioxide

and the solution, diluted with water, gradually allowed to evapo-

rate, the salt Ce2(S04)3 + 2Ce(S04)2 + 24H
2

is deposited in

fine red crystals resembling those of bichromate of potash, whilst

from the mother liquor yellow crystals of Ce(S04) 2 + 4H2 are

deposited.

Ceric sulphate forms double sulphates with the sulphates of

the alkali-metals, such as Ce(SOJ2 + 2K
2
S04 + 2H20, a com-

pound which is deposited in small yellow monoclinic crystals.

Ceric sulphate is decomposed by water with formation of basic

salts, from which water extracts more and more acid, and thus,

according to the quantity of water present, salts possessing
different compositions can be obtained.

Ceric Fluoride, CeF
4+H2

O is obtained by acting on hydrated
cerium dioxide with hydrofluoric acid (Brauner).

Ceric Nitrate is formed by dissolving the hydrated dioxide in

nitric acid. The red solution is decomposed by water, with

Reparation of a basic salt. If potassium nitrate be added to the

acid solution, and the liquid allowed to crystallize in a vacuum
over lime, yellow glistening six-sided prisms are deposited,

"having the composition 2(Ce(N03)4+ 2K]STO
3) + 3H2

O. Ceric

nitrate also forms double salts with other nitrates.
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Cerium Sulphide, Ce
2
S
3 ,

is formed when the metal is burnt in

the vapour of sulphur or when the oxide is heated in carbon

disulphide vapour. When the oxide is fused with three parts of

sodium pentasulphide, and the fused mass lixiviated with water,

cerium sulphide is obtained in small crystals resembling Mosaic

gold, which do not undergo alteration on exposure to the air.

DETECTION AND ESTIMATION OF CERIUM.

258 The spark-spectrum of cerium contains a number of

bright lines, of which the three brightest and most characteristic

lie in the green. A characteristic reaction for the cerium com-

pounds is the precipitation of red eerie hydroxide when sodium

hypochlorite is added to a colourless cerous salt
;
this dissolves

in warm hydrochloric acid with evolution of chlorine. The
other reactions have already been described.

In order to determine cerium quantitatively the solution is

precipitated with caustic potash, and the washed and dried pre-

cipitate heated in the air in order to convert it into the dioxide.

The atomic weight of cerium has been determined by several

chemists. Bunsen l and Eamrnelsberg
2 found the number 138,

but according to the most recent investigations of Brauner 3 aud

Robinson 4 the atomic weight of cerium is 13i) 9.

DIDYMIUM. Di = i42 .

259 Marignac was the first to prepare metallic didymium by

heating the chloride with potassium. He obtained the metal in

the form of a green powder or in very small globules. Hille-

brand and Norton have recently obtained it in larger quantity

by the electrolysis of the fused chloride. In its chemical pro-

perties it resembles in every respect the foregoing metals, but is

more closely allied to lanthanum than to cerium. It possesses,

however, a darker colour than this metal, and has a slightly

yellow tint
;
it tarnishes with a yellow colour on exposure to the

air, and the filings of the metal burn with a splendid bright light

when held in the flame. Didymium has a specific gravity of

544. It forms two oxides, Di
2
O

3
and Di

2
O

6
.

Didymium Oxide, Di
2 3 ,

is formed by igniting the hydroxide

1 Ann. Chcm. Phnrm. Ixxxvi. 265, and cv. 40 2
Pogg. Ann. cviii. 40.

Chan. Soc. Journ. xlvii. 879.
* Proc. Roy. Hoe. xxxvii, 150.
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or a salt containing a volatile acid. It is a dirty-bluo mass having
a specific gravity of 6 '950. The hydroxide, Di(OH)3 ,

is a slightly

rose-red precipitate, which on drying has a reddish-grey colour.

Both compounds decompose ammoniacal salts on heating.

Didymium Pcntoxide, Di
2
O

5 , has recently been prepared in the

pure state as a brown powder by Brauner 1
by heating the nitrate

in oxygen.

SALTS OF DIDYMIUM.
260 Didymium Chloride,DiC\3 + 6H2O, forms rose-red mono-

clinic crystals, which are easily soluble in water and which

decompose on heating. When the solution of the salt mixed

with sal-ammoniac is evaporated to dryness and the residue

ignited in absence of air, the anhydrous salt is obtained as a

fibrous crystalline rose-red mass.

Didymium Bromide, DiBr
3 + 6H90, crystallizes in violet

prisms, which do not deliquesce on exposure to the air.

Didymium Sulphate, Di2(SO4)3 + 8H
2O, crystallizes readily in

large rose-red lustrous six-sided prisms, which completely lose

their water of crystallization at 200. When the cold concen-

trated solution is boiled, Di
2(SO4) 3 + 9H

2O, separates out. It is

insoluble in solution of potassium sulphate.

Didymium Nitrate, Di
2(NO3) 3 + 6H2O, forms large violet

crystals which are very easily soluble in water and alcohol.

The concentrated solution has a violet colour, and when diluted

it assumes a rose-red tint.

Didymium Carbonate, Di
2(CO3)3 ,

is a red crystalline powder
obtained by passing carbon dioxide through water containing
the hydroxide in suspension.

Didymium Sulphide, Di
2
S
3 ,

is obtained as a greenish-brown

powder by the ignition of the oxide in the vapour of carbon

disulphide. It is slowly decomposed by water and quickly by
dilute acids.

DETECTION AND ESTIMATION OF DIDYMIUM.

261 Didymium chloride gives in the spark-spectrum indica-

tions of lines in the green, which are, however, too weak to be

used as a satisfactory means for its detection. On the other

hand, the absorption spectrum of the solid and dissolved salts of

didymium is very characteristic, and serves as a most delicate

test for the presence of this metal
;
so much so that small traces

1 CJicm. Soc. Jmirn. 1882, p. 68.
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of the metal can thus be detected even in the presence of other

coloured solutions.

Bunsen l has moreover observed that the absorption-spectrum
of didymium undergoes certain remarkable changes, if examined

by polarised light, according as the ordinary or the extraordinary

ray is allowed to pass through the crystal ;
whilst differences

are also noticed in the position of the dark bands dependent

upon the nature of the didymium compound under examination.

The changes are too minute to be seen with a small spectroscope,
but are distinctly observed with a large instiument. " The dif-

ferences thus observed," says Bunsen,
" in the absorption spectra

of different didymium compounds cannot, in our complete ignor-

ance of any general theory for the absorption of light in media,

be connected with any other phenomena. They remind one of

the slight gradual alteration in pitch which the notes from a

vibrating elastic rod undergo when the rod is weighted, or of the

change of tone which an organ-pipe exhibits when the tube is

lengthened."

The didymium salts, which possess a sweetish taste, are dis-

tinguished by their rose-red or violet colour, and they impart
this colour to a bead of microcosmic salt when heated with this

reagent in the blowpipe flame. The glass thus obtained also

shows the characteristic didymium absorption lines. In its

other reactions didymium resembles lanthanum and cerium.

It is usual to estimate didymium by precipitation as the

oxalate, and this is converted by ignition into the oxide.

The atomic weight of didymium is according to Cleve 2 142.

Didymium, according to Welsbach, contains two elements, viz. :

neodym and praseodym, whilst Becquerel
3 believes that the so-

called didymium is a mixture of no less than six different ele-

ments, the individuality of which has not yet been determined.

TERBIUM. Tr. = 148-5.

262 This metal has not yet been isolated. It occurs in con-

siderable quantities in the samarskite of North Carolina, which

mainly consists of the niobates of iron, yttrium, erbium, and

terbium. The separation of terbium from the other metals of

this group is attended with great difficulties, and a complete

method of separation from erbium has not yet been found.

Terbium, Oxide, Tr.,O3 ,
is a dark orange-yellow powder, which

1
Phil, May. [4] xxxii. 177.

2 Journ. Chcm. Soc. xliiL 363.

3
C'ompt. Rend. civ. 1691.
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becomes colourless when heated in hydrogen without loss of

weight.

Terbium Sulphate, Tr
2(S04)3 + 8H

20, forms colourless crystals

isomorphous with the corresponding sulphates of yttrium, didy-

nrium, and erbium.

The terbium salts are colourless and do not yield any absorp-

tion spectrum. The atomic iveight of the metal has not yet

been accurately determined, as the salts could not be obtained

free from erbium.1

ERBIUM. Er. = 166.

263 Erbium is a grey powder obtained by a similar process

as that described for yttrium.

Erbium Oxide, Er
2O3 ,

is a white powder in the pure state, but

generally, in consequence of the presence of higher oxides, it

has a yellow tint. The hydroxide is a white precipitate, which,

after ignition, leaves the oxide in the form of a "white powder

resembling alumina, which dissolves only slowly in acids.

The salts of erbium, which have been completely investigated

by Cleve and Hoeglund, have a similar composition to those of

yttrium, but are distinguished from them by their pale-rose tint

and their characteristic absorption-spectrum, which is totally

different from that of didymium.
A remarkable fact respecting erbium is that when its oxide

is ignited the spectrum is a continuous one, interrupted by a

number of bright bands, and the points of maximum intensity of

this luminous spectrum correspond in position with the points

of greatest darkness in the absorption-spectrum (Bahr and

Bunseri). By this means it is easy to distinguish erbium from

any other metal. The spark spectrum of the chloride is dif-

ferent from the bright spectrum of the erbium oxide, and it is

not specially characteristic.

The atomic iveight of erbium is, according to Bahr and Bunsen,

168'9, and according to Cleve 2
106, and the specific gravity of

the oxide is 8'64.

The following extract from Bunsen' s memoir 3 shows how

easily the presence of the metals of this group can be distin-

guished by means of the spectroscope :

" A few centigrams

1 Delafontaine and Marignac, Arch. Sc. Phys. Nat. Geneve, 1878, 273, 283.

Compt. JKcnd. xci. 381. Phil. Mag. [4], 1. 537.
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of cerite from the Bastnas quarry evaporated with hydrochloric

acid, and taken up with the same acid and water, gave a

concentrated solution which behaved as follows : The light

passed through it showed the characteristic absorption spectrum
of didymium. As no trace of the characteristic absorption-lines

of erbium appeared, the absence of erbium in this cerite was

proved. The carbon points saturated with the liquid gave
a spark spectrum, in which ten lanthanum lines and three

cerium lines appeared clearly. Similarly a solution of gado-
linite from Ytterby in hydrochloric acid gave, after separation

of silica, the didymium absorption-bands ;
those of erbium ap-

peared faintly. The calcium and sodium lines were slightly

visible, and the yttrium lines appeared very plainly in the

spark-spectrum, the characteristic group in the orange being

especially prominent. A cerium line was also seen, but no

lanthanum lines
;
and as the latter spectrum is a very well

marked and characteristic one, the absence of more than a trace

of this metal may be inferred. Yttrium, erbium, didymium,

cerium, calcium, and sodium were therefore found in this

mineral"

SCANDIUM. Sc. = 44.

The oxide, Sc2O3,
of this metal, which has itself not been

isolated, was discovered by Nilson l in Euxenite. It is a white

powder resembling magnesia (spec. grav. 3'864) ;
the hydroxide

is a gelatinous white precipitate. The double sulphate of

scandium and potassium is insoluble in a solution of potassium

sulphate. The other salts of scandium are colourless, and

exhibit no absorption bands, but the spark spectrum is char-

acteristic (Thalen). Scandium is identical with Mendelejeffs

"Ekaboron."

YTTERBIUM. Yb. = 173.

This element was discovered by Marignac
2 in gadolinite. It

forms one oxide, Yb2 3 ;
its salts are colourless, and yield no

absorption bands, but the spark-spectrum is characteristic

(Thalen). The double sulphate is soluble in solution of

potassium sulphate.

1
er. Dcutsch. Chem. Gcs. xiii. 1439. *

Compt. Rend. Ixxxvii. 578.
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SAMARIUM. Sm. = 150.

This metal was discovered in Samarskite by Lecoq de Bois-

baudran. It yields a characteristic spectrum containing two

blue lines. The salts of samarium closely resemble those of

didymium, but possess a topaz-yellow colour and a sweet

astringent taste.1

METALS OF THE ALUMINIUM GROUP.

Aluminium. Indium. Gallium.

264 These metals form feebly basic sesquioxides, of which

alumina, A1
2 3 , may be taken as a type. The sulphates of these

oxides form double salts with the sulphates of the alkali-metals,

which crystallise in regular octohedrons, and of which common

alum, A4(S04)3 + K2S04 + 24 H20, is the best known.

ALUMINIUM. Al = 27-3.

The name of this metal is derived from alumen, alum. This

as well as the corresponding Greek word (orvsr^pta), was

originally used to designate very different bodies, all of

which possess the common property of an astringent taste.

There can, however, be little doubt that alum itself was in-

cluded amongst these bodies, and this salt was well known to

Geber and the later alchemists, being, however, classed amongst
the vitriols, until Paracelsus showed that it differed from this last

family of salts. In his second treatise, De Gcneribm Salium, he

states : "Alum is in no wise connected with the metals, but is a

salt, standing alone in the acid, and taking its corpus from the

intermixture of the earths
;
vitriol does not do so, but solely from

the intermixture of metallic corpora" The nature of the earth,

which is combined in alum with sulphuric acid, remained long
undetermined. It was usually supposed to be a calcareous earth,

although it was noticed in the seventeenth century that clay,

when treated with sulphuric acid, gives an alum
;
and hence

Pott, in his LitJwr/nosy, published in 1746, states that the basis

of alum is an argillaceous earth. It was not till 1754 that

,
ComtiL Rend. Ixxxviii. 322, Ixxxix, 212 : Cleve. Chem. Soc, Journ.

xliii. 3G2.
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Marggraf showed that alumina differs totally in its properties
from lime, and that clay contains this earth, combined with silica.

Davy, as well as other chemists, endeavoured to decompose
it into its elements, as it was generally acknowledged to be an
oxide. The results they obtained were, however, but unsatis-

factory, and Wohler, in 1827, was the first to prepare pure
aluminium.

Of all the elements, with the exceptions of oxygen and

silicon, aluminium is the most widely distributed, and contained

in the largest quantity in the solid crust of the earth. It

occurs as the oxide, A1 2O3, in the mineral corundum, of which
the ruby and sapphire are varieties. It is found more com-

monly as diaspore, A1 2 4
H

2 , and bauxite, Al
2
Fe

2 5
H

4 ,
whilst

it occurs in far larger quantity in combination with silica, form-

ing a great variety of double silicates, amongst which potash-

felspar, or orthoclase, K^AlgSiOg, may be mentioned as being
most important, as this forms the chief constituent of granite,

gneiss, syenite, porphyry, trachyte, &c. Soda-felspar, or albite,

and lime-felspar, or labradorite, also occur in large quantities.

Amongst other important double silicates we find the garnet

group. The several members of this group are named from the

different isomorphous metals which they contain; thus, for in-

stance, we have lime-alumina garnet or grossular, Ca3Al2Si a 12 ;

iron-alumina garnet, or almandite, (FeMg)3
Al

2
Si

3 12 ;
lime-iron

garnet, or andradite, Ca3
Fe2Si3 12

. The group of micas also con-

tains a large number of important minerals, as common mica

or biotite, 4 KH(MgFe),6Al 2
Si

10
O

32 ;
and chlorite or ripidolite,

H
8(MgFe) 5(AlFe) 2

Si
3 18,

the latter compound forming the chief

constituent of many slate rocks.

The weathering of felspar gives rise to porcelain- clay, china-

clay, or kaolin, Al
2
Si

2
O

7 + 2H
20, whilst the various varieties

of coloured clays are obtained from a similar disintegration of

felspathic rocks containing iron.

Although alumina is largely contained in all fertile soil,

it is not taken up by plants, with the exception of a lev/ cryp-

togams, especially the species of lycopodiums. The ash of

L. Clavatum contains up to 26'65, and that of L. Chamaecy-

parissus even as much as 57'26 per cent, of alumina, whilst

other plants, such as oak, fig,
and birch grown in the same soil

contain none. 1 Aluminium is also contained in the solar

atmosphere.
1
Aderholdt, Ann. Chem. PJiarm. Ixxxii. 111.
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265 Preparation of Metallic Aluminium. The process which

Wohler employed for the preparation of aluminium is that

which is now made use of for the preparation of all those elements

which occur in nature combined with oxygen, and whose oxides

are not reducible either in the presence of carbon or of hydrogen.
Wohler 1

prepared it by fusing together potassium and chloride

of aluminium in a closed crucible. It is thus obtained in the

form of a grey powder, which, under the burnisher, exhibits a

metallic lustre, and when pressed in an agate mortar adheres

together in the form of glittering particles.

"Wohler afterwards improved his method, and, by passing
the vapour of aluminium chloride over potassium, obtained

the metal in fused globules.
2 In the year 1854 Bunsen pre-

pared aluminium by electrolysis of the chloride, and in the

same year Deville commenced his first experiments on the

preparation of aluminium on a large scale. The process he

employed was that of Wohler, replacing, however, potassium

by sodium, and he found that instead of the pure chloride it

was preferable to use the double chloride of aluminium and

sodium. In the Paris Exhibition of 1855 the "silver made
from clay

"
naturally attracted great attention. Deville then, in

concert with other chemists, extended his experiments, and with

their help the process \vas still further improved, and aluminium

was first prepared on the large scale at works near Alais, under

the direction of M. Merle.

The raw material for the production of the metal on the

large scale is the mineral bauxite (AlFe) 2 5
H

4 ,
which contains

about 50 per cent, of alumina, and 25 per cent, of iron oxide,

together with silica and other impurities. This is pulverised
and heated with soda in a reverberatory furnace, when sodium

aluminate is formed, and this is dissolved out of the cold mass

by water. The clear solution is decomposed by passing a cur-

rent of carbon .dioxide through it, when sodium carbonate is

formed and a precipitate of alumina thrown down
;
this is

collected on linen filters and well washed. After drying it

forms a white powder, which is then mixed with common salt

and coal-dust, and the mixture formed into .balls, which are

then rapidly dried. These are placed in an upright retort

(Fig. 115), built of fireclay slabs, and the temperature slowly
raised until a white-heat is reached, and then dry chlorine

1
Pogg. Ann. xi. 146. 2 Ann. Chem. Pharm. xvii. 47, and liii. 422.

3
Pogg. Ann. xcii. 648.



ALUMIXIL'M. 439

led in at the lower part of the retort. The double chloride

of aluminium and sodium volatilises and passes through a tube

at the upper end of the retort, and is deposited in a side

chamber (L) made of iireclay slabs, carbonic oxide and the excess

of chlorine being led away by a tube to the chimney. In the

manufacture 100 kilos, of the double chloride are mixed with

35 kilos, of sodium and 40 kilos, of cryolite, which last serves

as a flux. The whole mixture is brought on to the floor of a

reverberatory furnace, the temperature of which is gradually

raised until the whole is fused. The fused metal collects on

the hearth of the furnace, and is then cast into moulds.1 The

FIG. 115.

aluminium thus prepared is not pure, always containing iron

and some quantity of silicon.

Electrolytic Production of Aluminium. The above method

for the preparation of the metal has, however, been lately en-

tirely superseded by an electrolytic process. Instead of electro-

lysing fused sodium aluminium chloride, a fused mixture of cry-

olite and common salt was substituted for the chloride by Ber-

nard Bros., of Paris, who from 1887 manufactured the metal in

this manner. The present manufacturers employ as their starting*

' Wurtz, Ber. Entw. Induat. 657.
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point pure anhydrous alumina, which is either dissolved in a

molten bath of certain double fluorides as Al
2
F

62KFkept hot by
the passage of a powerful electric current, or else melted alone

by the passage of an enormous electric current of nearly 10,000

amperes. The precise nature of the work effected by the con-

tinued passage of the current in these baths is somewhat obscure,

but the metal is slowly liberated and sinks to the bottom of the

bath, whilst the oxygen set free combines with the carbon anode

or with the carbon of which the crucible is formed, and escapes as

carbon monoxide. These processes, founded by Hall and Heroult

respectively, supplied the market with aluminium in 1889 from

manufactories at Pittsburgh in the United States, Patricroft near

Manchester, and at Neuhausen and Froges in Switzerland and

France. Manufactured electrolytically, aluminium contains uni-

formly over 99 p.c. of metal and is very soft and ductile, whilst

made by the reduction process it usually contained only 97-98 p.c.

of metal, and was more brittle and harder to work in consequence
of the presence of small quantities of silicon and iron. The annual

output ofaluminium slowly increased from 1859 to 1888 from one

ton to three tons, but from about the latter date the production rose

very rapidly, and now reaches several hundred tons per annum.

266 Properties. Aluminium is a tin-white metal, which is ca-

pable of assuming a bright polish. The appearance of objects made
of aluminium is, however, improved by giving to the surface of

the metal a dead appearance. This is accomplished by acting on

the surface with weak soda-lye, and afterwards washing with

dilute nitric acid. Aluminium is malleable, and can be drawn
into fine wire and hammered into very thin leaf. It can be

best worked at a temperature of 100 to 150. In the compact
state it is very sonorous, emitting a tone when struck like that

of flint glass. The cast metal has a specific gravity of 2 -

56, and is

as hard as silver, whilst the hammered metal has a hardness of

soft-iron, and a specific gravity of 2'67. The hardness is again
diminished on further heating. It fuses at about 700. In

order to re-melt the metal a fusing mixture of common salt and

potassium chloride must be employed, as the presence of other

fluxes, such as borax, glass, &c., render the metal very impure.
On slowly cooling it assumes a crystalline structure, the forms

indicating that it crystallizes in octohedrons. It conducts elec-

tricity eight times better than iron, and heat somewhat better

than zinc. Pure aluminium does not oxidize at ordinary tem-

peratures on exposure to air; but the impure metal soon



ALLOYS OF ALUMINIUM. 441

becomes covered with a thin coating of 'oxide. When heated

in oxygen it oxidizes only on the surface without combustion.

If a fine aluminium wire be wound round a piece of charcoal,

the metal burns brightly with the charcoal in oxygen, and if

a piece of thin aluminium foil or leaf be heated in a glass

globe in an atmosphere of oxygen, it burns with a sudden

flash of intensely white light. Aluminium foil decomposes
water at 100, being slowly converted into the hydroxide
which retains the form of the foil. The metal dissolves readily

in aqueous alkalis, with evolution of hydrogen, and it deposits
the 'metals, lead, silver, and zinc from alkaline solutions, whilst

neutral or acid solutions are not altered by it. It precipitates

metallic copper from a solution of copper sulphate.

Hydrochloric acid is the best solvent for aluminium. Dilute

sulphuric acid, however, also dissolves it with evolution of

hydrogen, and concentrated sulphuric acid dissolves it on heating
with evolution of sulphur dioxide. On the other hand concen-

trated, as well as dilute, nitric acid is without action on the

metal. Organic acids attack it only slightly, but it dissolves in

them with ease in the presence of chlorides, such as common
salt. Hence it cannot be used for plating cooking utensils.

According to Wohler, aluminium foil takes fire in a current of

chlorine, but according to Bb'ttger this is only the case when it

is tied round with brass wire to which some Dutch metal is

fastened. At high temperatures aluminium also combines with

sulphur, selenium, tellurium, phosphorus, and arsenic, and it

forms with many metals characteristic alloys.

Aluminium possesses so many valuable properties, such, for

instance, as its low specific gravity, fine lustre, unalterability in

the air and in sulphuretted hydrogen, non-poisonous qualities,

and ease of working, that a widespread application of the metal

may ba looked for, especially as the price has been lately

much reduced. For whilst the metal was sold previous

to 1886 at 3 per lb., it can now be purchased for as many

shillings.

267 Alloys of Aluminium. Copper forms an alloy with alu-

minium possessing the colour of gold. That containing about

10 per cent, of the latter metal is usually known as aluminium

bronze, and possesses the appearance of standard gold. For the

preparation of this alloy chemically pure copper must be em-

ployed, as that which contains iron yields an inferior product.

The alloy is at first brittle, but when fused several times it

78
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acquires valuable properties. Thus it becomes malleable, yields

fine castings, takes a high polish, and has a tensile strength equal

to cast steel. It is now used for the manufacture of physical

apparatus as well as of ornamental goods. Aluminium can be

alloyed with silver, yielding a hard, easily-polished alloy. That

containing 4 per cent, of silver has been employed for the con-

struction of beams for chemical balances, on account of its

lightness and its unalterahility in the air.

Aluminium also combines with mercury when it is moistened

with caustic alkali, or when the two metals are fused together in

an indifferent gas. The amalgam is very brittle, oxidises easily

in the air, and decomposes water at the ordinary temperature.

"When a piece of aluminium is rubbed with leather which is im-

pregnated with mercury the metallic surface becomes hot, and in

a few moments warty concretions of the oxide are formed.1

ALUMINIUM AND OXYGEN.

268 Aluminium Oxide or Alumina, A1
2 3 , is found in nature

in the form of the mineral corundum, crystallising in hexagonal

prisms, and of which there are several varieties. The more or less

colourless crystals as well as those which are coloured brown

by ferric oxide and which are either translucent or opaque are

called corundum : those which are coloured red by chromium

compounds are termed ruby, whilst those which have a blue

tint, due probably to cobalt, are termed sapphires. The yellow

crystals are termed oriental topaz, and the purple oriental

amethyst, whilst the green are termed oriental emeralds.

Coarse and granular corundum containing magnetite or haema-

tite intimately mixed with it, and having a grey or blackish

colour, is termed emery. Of this mineral there are many
gradations, from the finely ground emery to those kinds in

which the corundum is present in distinct crystals. Crystallised

alumina is only second in hardness to the diamond, and hence

it is largely used for polishing and grinding the surfaces of

glass and metal.

When aluminium hydroxide or aluminium salts containing
volatile organic acids are heated, alumina remains either as a

white powder or in amorphous gum-like masses. If this be not

too strongly ignited it dissolves in concentrated acids, which,

however, do not attack the crystallised compound. When more
1 Jehn and Hinze, Bcr. Dcutsch. Chem. Ges. yii. 1498.
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strongly ignited, amorphous alumina becomes denser and harder.

After ignition in the flame of the spirit-lamp it has a specific

gravity of 3 '5, and when more strongly heated in a porcelain-

kiln, it attains a specific gravity of 3'9. It is then nearly as

hard as corundum, but still amorphous (H. Eose). Alumina
melts in the oxy-hydrogen flame to a thin liquid, which, on

cooling, assumes a crystalline structure and possesses all the

properties of corundum. A similar oxide may be obtained by
the combustion of the finely divided metal. If aluminium

hydroxide be moistened with potassium bichromate and the

dried mass fused before the oxy-hydrogen blowpipe artificial

ruby is obtained (Gaudiii), and the same material may be

prepared by heating to whiteness a mixture of borax and

amorphous alumina containing a small quantity of chromium

sesquioxide (Ebelmen). Crystallised alumina is also obtained

when fluoride of aluminium is allowed to act upon boron tri-

oxide at a very high temperature (Deville and Caron), or when
aluminium phosphate is fused with sodium sulphate (Debiay).

Fremy and Feil l have recently obtained crystallised alumina

on the large scale by heating equal parts of alumina and lead

oxide to a bright red-heat. The product consists of two distinct

layers : one of lead silicate derived from the action of the lead

oxide upon the silica of the crucible; the other layer is a

vitreous mass, and contains cavities filled with colourless

crystals of corundum. By the addition of from 2 to 3 per

cent, of bichromate of potash to the materials, crystals of ruby
were obtained, whilst crystals of sapphire were prepared by

adding a trace of oxide of cobalt. Splendid crystals of rose-

red coloured ruby were obtained by heating a mixture of equal

parts of alumina and barium fluoride with from 2 to 3 per cent,

of potassium bichromate to a very high temperature in a glass

furnace. This is explained by the production of a volatile

fluoride of aluminium which undergoes decomposition in con-

tact with the gases of the furnace with evolution of hydro-

fluoric acid and deposition of crystalline alumina, the crystals

being found in the upper part of the crucible. In these

experiments a crystalline double silicate of barium and alu-

minium is also formed. Artificial ruby and sapphire cannot

be distinguished from the natural stones, so that important

applications may be predicted for this discovery.

In order to obtain crystallised alumina in solution it must

i Phil. Mag, [5] v. 47.
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either be fused together with caustic potash or with acid potas-

sium sulphate. It is also dissolved when heated in closed tubes

with concentrated sulphuric acid.

269 Hydroxides of Aluminium. Several of these occur in

nature. The most important are hydrargillite, A1(OH)3 ;
dia-

spore, AIO(OH), both of which are crystalline ;
and bauxite

(AlFe)2O(OH)4. which is found as an amorphous mass.

"When ammonia is added to a soluble salt of alumina in the

cold a gelatinous precipitate falls down ;
but when precipitated

at the boiling point an opaque white precipitate is deposited,

which when dried at the ordinary temperature forms a hard,

horn -like mass having the composition A12O3 + 5H2O or

Al(OH), + H2O. When heated to somewhat above 300 it

gradually parts with water, forming the compound AIO(OH) ;

and this on ignition yields alumina and water. In this latter

reaction the finely divided particles exhibit a peculiar motion

which continues even after removal of the flame. 1

Precipitated aluminium hydroxide possesses in high degree
the power of withdrawing from solution both inorganic salts

and organic bodies. This property is employed in the purifica-

tion of drinking water as well as in the clarification of sugar-

syrup before it is placed in the polarising apparatus.

Moderately ignited alumina readily takes up water with evolu-

tion of heat, but does not appear to form any definite compound.
The freshly precipitated hydroxide is easily soluble in acids, but

the naturally occurring crystallised hydroxides are only attacked

by acids after moderate heating. At a bright red-heat they lose

the whole of their water and fall with considerable decrepitation
into a white powder consisting of the anhydrous oxide. Alu-

minium hydroxide is usually employed as the source from

which the different salts of aluminium are obtained. Its

preparation from cryolite has already been described under the

alkali-manufacture, and that from bauxite in the description
of the manufacture of aluminium.

Aluminium hydroxide also occurs in two soluble modifica-

tions. One of these, which when dried at 100 has the com-

position A1
20(OH)4

= A1 2O3 + 2H
2

was obtained by Walter
Crum 2

by preparing a solution of normal acetate of alumina

by the mutual decomposition of lead acetate and alumkiium

sulphate. This, on heating, decomposes with separation of the

1
Kamsay, Chem. Soc. Journ. 1877, ii. 395.

8 Chem. Soc. Quart. Journ. vi. 216.
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basic acetate, A12(C2H3 2)4(OH)2 + H
20, which on treatment

for one and a half hours with 200 times its weight of boiling

water becomes soluble. If this solution be allowed to stand for

ten days and nights at the temperature of boiling water in a

closed flask, the acetic acid separates from the alumina. After

a sufficient quantity of water has been added to reduce the

percentage of alumina to 0'25, the liquid is heated in a Hat

basin to the boiling point, fresh water being constantly added to

replace that lost by evaporation, until all the acetic acid has

been driven off. The solution then is perfectly neutral and

tasteless, but becomes gelatinous on evaporation.

The second soluble hydroxide of aluminium was obtained by
Graham l

by dialysis of the basic chloride obtained by dissolving

the hydroxide in the normal chloride. The normal salt passes

through the parchment paper into the water, and a neutral

tasteless solution containing alumina remains in the dialyser.

This is very unstable, and after some days passes into a jelly.

Both these soluble hydroxides are coagulated on the addition of

traces of a salt, an acid, or an alkali. Graham's compound acts

as a mordant uniting with colouring matter to form lakes, and

in the coagulated state is readily soluble in acids. Cram's com-

pound on the other hand, termed by Graham " meta-alurninium

hydroxide," does not combine with colouring matter, and does

not dissolve in excess of acid.

ALUMINATES.

270 Like other weak bases, alumina acts toward the stronger

bases as an acid-forming oxide
;

thus precipitated alumina

dissolves in caustic potash and soda.

Potassium Aluminate, K
2
A1 2O4 + 3H20, is obtained in hard

glistening crystals when alumina and potash are fused together

in a silver basin, the solid residue dissolved in water, and the

solution evaporated in a vacuum.

Sodium Aluminate, Na2
Al

2 4
. This substance has not been

obtained in the crystalline state. It is prepared on the large

scale by fusing cryolite with lime, or bauxite with soda or

sodium sulphate and carbon, as well as with common salt in a

current of steam. When the melted mass is lixiviated with

water and the solution evaporated to dryness, sodium aluminate

is obtained. This substance serves as a mordant in dyeing and

i Phil. Trans. 1861. 183.
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calico-printing, for the preparation of coloured lakes, and of pure-

alumina, and for the sizing of paper, &c.

Barium Aluminate, BaAl2 4,
is obtained by fusing alumina

with baryta or barium nitrate. It is soluble in water and

crystallises with four molecules of water.

Beryllium Aluminate, Be A1
2 4, occurs in nature as the mineral

chrysoberyl. It forms rhombic crystals having an emerald

green colour, and is found in Brazil, North America, Ceylon,

Ireland, and other places, and is valued as a gem.

Magnesium Aluminate, MgAl 2 4
. This substance occurs in

nature as spinelle. It crystallises in the rhombic system, and

is either colourless or variously tinted, and is classed in various

species according as either the whole or a part of the mag-
nesium and aluminium is replaced by isomorphous metals.

Thus spinelle is (MgFe)(AlFe) 2 4 ; ziuc-spinelle or gahnite is

(ZnFeMg). (AlFe) 2 4>
&c.

The naturally occurring aluminates have been artificially

prepared by Ebelmen, by fusing alumina and the corresponding
oxide with boron trioxide. This latter substance, which serves as

a solvent, being almost entirely volatilised at a very high tem-

perature. In this way colourless spinelle was obtained, and

this was coloured red by chromium, blue by cobalt, and black

by iron
;
and by a similar process the aluminates of barium,

beryllium, iron, manganese, &c., can be prepared. Deville and
Caron also obtained crystals of gahnite and chrysoberyl by
heating aluminium fluoride, together with fluoride of zinc or

beryllium, in a carbon crucible which contained a platinum
basin filled with boron trioxide.

SALTS OF ALUMINIUM.

271 Aluminium Chloride, A1C13, was first prepared by Oersted

by heating a mixture of carbon and alumina in a current of

dry chlorine. This method was afterwards adopted and im-

proved by Wohler,
1

Liebig,
2
Bunsen,

3 and Deville.* On the

large scale it is prepared in an apparatus similar to that used

for the production of the double chloride of aluminium and
sodium already described.

Pure aluminium chloride is a white crystalline solid. It

1
Pogg. Ann. xi. 146. 2 Im_ xvii> 43>

3 Ibid. xcii. 648. *
Compt. Rend. xxix. 321.
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usually possesses, however, a yellowish or greenish colour, due to
the presence of ferric chloride and other impurities. It volati-

lises slowly on heating without fusion, but if a large quantity
be quickly heated the mass fuses and then boils, the vapours
condensing at a temperature between 180 and 185 (Liebig).
The specific gravity of the vapour, according to the experiments
of Nilson and Pettersson, corresponds to the formula AlC^.

1

Aluminium chloride is hygroscopic, absorbing water from the

air, and emitting fumes of hydrochloric acid. It is also easily
soluble in alcohol and ether.

When aluminium hydrate is dissolved in hydrochloric acid
and the solution evaporated, large needle-shaped crystals are

deposited, which have the composition A1C13 + 6H
2O. These

on further heating are easily decomposed into water, hydro-
chloric acid, and residual alumina.

Aluminium chloride absorbs dry ammonia gas, and yields a

yellow powder of the composition A1C13 + 3NH
3 . When this is

heated in a current of hydrogen the compound A1C13 -f NHj,
soluble in water, sublimes (Persoz). Aluminium chloride also

combines with phosphorus pentachloride, phosphorus oxy-
chloride, the chlorides of silver, selenium, and tellurium, as well

as with other metallic chlorides.

Sodium Aluminium Chloride, A1013,NaCl. The preparation
of this compound on the large scale has already been described.

It is obtained as a colourless crystalline mass which melts at

185 (Bunsen) and volatilises at a red-heat. It readily absorbs

water, but in the compact state it is less hygroscopic than

aluminium chloride, and for this reason it was used instead of

the latter compound in the preparation of aluminium.

Aluminium Bromide, AlBr
3 . When aluminium and bromine

are brought together they combine with evolution of heat, form-

ing the above compound. It is obtained by passing the vapour
of bromine over a heated mixture of alumina and carbon. It

is a colourless crystalline body which melts at 80, boils at a

temperature between 265 and 270" and sublimes in crystalline

scales. The specific gravity of the solid is 2'54. In other

respects it is analogous to the chloride, and forms the hydrate
AlBr

3 + 6H2O, which is also obtained by dissolving aluminium

hydroxide in hydrobromic acid and carefully evaporating the

solution.

Aluminium Iodide, Allj, is formed when the metal and

Zeti. Phys.k. Chcm. 1, 459.
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iodine are heated together in closed tubes. It is deposited in

colourless crystals which melt at 185 (Weber) and boil at a

temperature of 360. Its specific gravity is 2 -

63. The vapour
is combustible, giving rise to an explosive mixture' when diluted

with air. It is soluble in water, alcohol, and sulphide of carbon,

and forms with the first of these solvents a crystalline com-

pound, A1I3 + 6H
2
O. Aluminium iodide has been employed

for the purpose of converting organic chlorine compounds into

iodides. Thus carbon tetra-chloride yields the corresponding
tetra-iodide when heated with aluminium iodide (Gustavson) :

4A1I3 + 3CC14
= 4A1C13 + 3CI

4
.

Aluminium Fluoride, A1F3, is best obtained by evaporating
to dryness a solution of aluminium in hydrofluoric acid, and

subliming the residue, contained in a carbon tube, in a current

of hydrogen.
1 It forms transparent, very obtuse rhombohedrons,

which were formerly supposed to bj cubes. It is permanent in

the air, insoluble in water, and unaltered in the presence of

acids and aqueous alkalis
;
but it is decomposed by long-con-

tinued fusion with sodium carbonate. Aluminium dissolves

readily in excess of hydrofluoric acid. The solution appears to

contain the compound A1F
3 + 3HF. This corresponds to a

series of double fluorides, of which the most important is

Aluminium Sodium Fluoride, A1F3 ,
3NaF. This occurs as

the mineral cryolite at Evigtok, in the Arksutfjord, on the west

coast of Greenland, where it forms a bed 80 feet thick and

300 feet long. It was discovered in this locality by Andrada,
at the end of the last century. Its mineral ogical name was

given to it by him inasmuch as it has an ice-like appearance.

The investigations of Albidgaard showed that it contained hy-
drofluoric acid, alumina, and an alkali metal, and Klaproth
found the alkali to be soda. The exact composition of cryolite

was determined by Vauquelin, Berzelius, and Deville, and iu

1849-1850 Julius Thornsen showed that this mineral can be

decomposed in the dry way by means of lime and lime salts

as well as by the wet way, and upon this observation an

important Danish industry has been founded. Cryolite usually
occurs in masses of a snow-white, reddish, brownish, or bluish

colour, which possess easy cleavage ; it is found more rarely in

triclinic crystals. When this substance is boiled with milk of

1
Brunner, Pogg. Ann. xcviii. 488.
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lime, or fused with limestone, sodium aluminate, and calcium
fluoride are formed. When acted upon with concentrated sul-

phuric acid it evolves hydrofluoric acid, and the residue contains

sodium sulphate, which may be dissolved by the action of cold

water, the aluminium sulphate, which is formed at the same

time, dissolving only in boiling water.

272 Aluminium Sulphate, A1 2(S04)3 ,
is obtained by dissolving

the hydroxide in dilute sulphuric acid. It crystallises with

difficulty, forming pearly six-sided monoclinic tablets con-

taining eighteen, molecules of water. It possesses a sweet

astringent taste, dissolves in two parts of cold water, but

scarcely at all in alcohol (Berzelius). The hydrated salt,

A1
2(S04)3 + 18H

20, is found as the mineral keramohalite in

the neighbourhood of active volcanoes, and in alum-shale.

It melts on heating in its water of crystallisation, and then

swells up, the anhydrous compound being left behind as a

porous mass, dissolving only slowly again in water. At a red-

heat it is decomposed, leaving a residue of pure alumina. The

concentrated solution of this salt is a useful reagent for potas-

sium salts, as potassium alum, A1
2
K

2(S04)4 -f 24H 20, is precipi-

tated as a crystalline powder, which is altogether insoluble in

an excess of aluminium sulphate.
1

Aluminium sulphate is prepared on the large scale, and is

known in commerce under the name of concentrated alum

or sulphate of alumina. For this preparation china-clay, as

free as possible from iron, is employed. This is roasted in a

reverberatory furnace, by which
; any iron which may be

present is rendered insoluble, whilst the silicate of alumina

becomes more soluble in sulphuric acid. It is then heated

in leaden boilers with sulphuric acid of specific gravity

1-45, and the solution allowed to deposit the silica, and any

undecomposed alumina. The clear liquid is then evapo-

rated down until a small portion on cooling is found to

solidify. After cooling, the soft mass is cut into square

blocks, and thus brought into the market. This material is

employed by the dyer as a mordant, and also for the purpose

of weighting paper.

An impure product, known under the name of alum-cake, also

used largely by paper-makers, is obtained by heating a white

china-clay or bauxite with sulphuric acid. The whole mass

then becomes solid. It consists of about 12 per cent, of soluble

1
\Vurtz, Diet. i. 174.
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alumina as sulphate, together with silica and undecomposed

alumin ate.

For many purposes a sulphate perfectly free from iron is

needed. This is prepared by dissolving the pure hydroxide in

sulphuric acid.

According to Berzelius a series of basic sulphates of alumi-

nium exists. These are probably mixtures. One of them

occurs in clay deposits as the mineral aluminite or websterite.

It forms an earthy mass, having the composition Al
2(S04)(OH) 4 -f

7 H20. The same salt is formed when aluminium sulphate is

precipitated with a quantity of ammonia insufficient to throw

the whole of the alumina down. When a concentrated solution

of aluminium sulphate is boiled with the freshly precipitated

hydroxide a thick solution is formed, and this, on standing for

some months, deposits a crust of small needle-shaped crystals, of

a, salt having the composition A12(S04) 2(OH) 2+2A12(S04)(OH)4+
25H

2 (Ilammelsberg).

THE ALUMS.

273 Aluminium sulphate forms with the sulphates of the alkali-

metals double salts, which crystallise in regular octohedrons, of

which the potassium double* salt, A1
2(S0 4)3 + K,S04 + 24H20,

has long been known under the name of alum. This name is,

however, now used to designate a whole group of bodies. Alum

appears to have been first prepared in the East, but exact par-

ticulars of its early history are wanting. We find the name

occurring first in the waitings of- Geber, who speaks of an ice-

alum, which is obtained from Koccha, and which he was able

to purify by re crystallisation. The alchemists of the West
described this salt as alumen de rocca,in order to distinguish
it from the vitriols, and this name was afterwards erroneously
translated by the French chemists, wrho termed pure alum alun

de roche.

In the thirteenth century an alum factory, erected by Italians,

existed near Smyrna. They obtained their alum by roasting

alum-rock, lixiviating the product, and crystallising. In the

fifteenth century the Genoese erected alum works on the island

of Ischia, and at the same time the celebrated works at Tolfa,

in the Papal States, were established. The so-called Eoman
alum, which was there prepared, was, up to recent times, con-

sidered to be the best, and the manufacture has lately been
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resuscitated, and 10,000 tons of alum are now being made
annually at Tolfa by a French company. The material from
which the alum is manufactured in the various places in Italv,
as well as in Hungary, is the alum-rock, the chief constituent
of which is the mineral alunite or alum-stone, which is itself

a double comppund of potassium sulphate and basic aluminium

sulphate, possessing the formula K2S04 + 3A1
2(SO4)(OH) 4

. The
rock is a product of the action of steam and sulphur dioxide on

trachyte, and consists chiefly of a mixture of quartz and alum-
stone. This is mixed with fuel in heaps, or in a furnace similar

to a lime-kiln, and the roasted mass exposed for some weeks to

the air. It then falls to a soft material, which is lixiviated

with hot water, and the clear liquid, on standing, is concen-

trated in copper pans, and allowed to crystallise in wooden
vessels. The crystals have a slightly orange-red colour, a very
characteristic property of Koman alum, due to the presence of

very finely divided ferric oxide, which is mechanically mixed
in the mass. On crystallising the alum from hot water this

is left behind in the form of a reddish deposit.

Another method for preparing alum 'has long been known,
and is described by Agricola and Libavius. For this purpose
shale is employed. This chiefly occurs in the Silurian and

Devonian formations, and contains finely divided iron pyrites,

distributed through a mass of bituminous shale. The shale is

heaped together, and is either allowed to decompose slowly

by exposure to the air, or it is roasted. In either case the

pyrites is oxidised with formation of ferrous sulphate and

free sulphuric acid, both of which act upon the clay, producing
aluminium sulphate, which is then dissolved out with water.

It has long been known that the ley thus obtained does not

crystallise until an alkali has been added to it. Both Agricola
and Libavius state that it was customary to add decomposed
urine to the ley, in order, as the latter author remarks, to

separate out the vitriol which is contained in solution. The

alum thus prepared must have been chiefly ammonia-alum.

This conclusion is corroborated by Kiinkel's remark, for we find

that he states distinctly in hi Laloratorium Chymicum that

alum contains the volatile alkali. Instead of urine, potash was

soon used, and Hoffmann, in 1722, explained why an alkali was

added, and this explanation, namely, that the crude ley is un-

able to crystallise because it is too acid, and also because it con-

tains a sulphurous impurity which has to be removed by the
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addition of alkali, is the one which was accepted as correct

until the end of the last century. At that time, and even up
to a later date, it was not generally admitted that an alkali

formed an essential constituent of the alum. Moreover, alum

was often prepared without the addition of such an alkali, for iu

those days the existence of a potassium compound in a mineral

such as aluminite was not known. Bergmaun and Scheele,

who were well aware that alum contained potash, considered it

to be an impurity. 3Iarggraf then showed that pure alumina

and sulphuric acid only form an alum when an alkali is added,

and hence Lavoisier concluded that two bases were contained in

alum, viz., the alumina and the fixed alkali. These views were,

however, not generally accepted until 1797, when Chaptal and

Vauquelin showed that potash is an essential constituent of

alum, the latter chemist proving, moreover, that this fixed alkali

can be replaced by ammonia, and asserting that when aluminious

minerals yield an alum on treatment with sulphuric acid it is a

proof that these minerals contain potash.

The crude ley from the lixiviation of the burnt shale consists

essentially of the sulphates of aluminium and iron. The longer
the shale remains heaped up, and the longer the ley stands

before it is further worked up, the smaller is the quantity of

ferrous sulphate (green vitriol) which it contains, inasmuch as

this salt is gradually converted by the oxygen of the air into

ferric sulphate, which does not crystallise out with the alum.

The solution is then evaporated down in order that the iron salt

may be deposited, and the solution ultimately obtained, which

has a specific gravity of 1 '4,' consists" of aluminium sulphate,
\vith a small quantity of feme sulphate. In order to obtain

alurn from this solution a potassium salt is added, and as the

double salt formed is difficultly soluble it separates out at

once from the concentrated solution. Either potassium sul-

phate or chloride may be employed for this purpose ;
the first

of course at once yields the alum together with ferrous potas-
sium sulphate, which remains in the mother-liquor, a consider-

able quantity of potassium being thus lost. If potassium
chloride be employed the alum is also at once precipitated ;

but aluminium chloride is found in solution. If, however,
ferric sulphate is present, potassium sulphate is formed, and
the readily soluble ferric chloride. Hence it is most econo-

mical to employ a mixture of the two potassium salts in

different proportions, to be determined according to the com-
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position of the ley. The crude potassium chloride from
Stassfiut is now usually employed as the source of the

potash. This substance is dissolved in a small quantity of
hot water, and the solution added to the crude ley, and
alum-meal is then obtained by well stirring the mixture until

it is cold. The small crystals of which the meal consists are
washed with a small quantity of cold water, the first wash-water

being allowed to run into the boiling-down pans, and the last

wash-water being employed for washing the crude alum. The

purified meal is then dissolved in boiling water or by means of

a current of steam, and the solution brought into large crystal-

lising vats built of movable staves, bound together with iron

hoops. lu these the alum is deposited in the large crystals in

which it is usually found in commerce.

Up to within recent years the chief quantity of alum made in

England has been ammonia-alum, prepared according to Spence's
method. For this purpose the black bituminous 'shale lying
above the coal-measures is employed as the source of alumina.

This is made into heaps about Tom. in height and slowly
roasted. The mass, which when roasted has a light red colour

and is brittle, is then brought into large covered pans, in which
it is exposed to the action of sulphuric acid of specific gravity
l'3o for two days and heated to 110 by fires placed underneath

the vessels. At the same time the vapour obtained by heating
amtnoniacal liquor from the gas-works in boilers is blown in

The volatile ammoniacal compounds contained in this liquor,

such as the carbonate and sulphide, are converted by contact

with the sulphuric acid into sulphate, and in order to decompose
the remaining non-volatile ammonium salts lime is added to the

residue in the boiler. In this process it is not necessary first to

add the acid and then the ammonia; so long as sulphuric acid

remains in excess the same action takes place, and the roasted

silicate is decomposed if the ammonia be boiled in whilst the

action of the sulphuric acid is going on. The solution of am-

monia-alum is run out into cisterns, where it is stirred until

cold in order to obtain small crystals of the alum-meal. This is

then drained and brought into a funnel-shaped vessel, where

steam is allowed to blow on it in such a manner that the

whole of the steam is condensed and all the salt dissolved. In

half an hour about four tons of alum-meal can thus be dissolved.

The solution is allowed to settle in lead-lined cisterns, and then

brought into crystallising vats and allowed to remain in them
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for a week. The staves are then knocked away, and a cylin-

drical block f alum remains, which is allowed to stand another

week. A hole is afterwards drilled into the bottom of the block,

the mother liquor allowed to run out, and the mass broken up.

Each vat yields three tons of large crystals, which frequently

possess an amethystine tint resembling alum containing iron,

although it is perfectly free from this impurity. This colour is

doubtless due to organic compounds, being probably derived from

a small quantity of aniline present in the gas-water.

Since the introduction of cheap potassium chloride from

Stassfurt, ammonia-alum is 110 longer manufactured in England,

potassium sulphate being manufactured by the action of sul-

phuric acid upon the natural potassium chloride in an ordinary
salt-cake furnace.

Besides the methods already described, many other processes
have been proposed for the manufacture of alum from aluminous

shale, clay, slag from blast-furnaces, and other materials con-

taining alumina. For a description of these processes the reader

is referred to Prof. Hofmann's Report on Chemical Industry.

274 Potassium-Alum, A1
2(S04)3 + K2

SO
4 4- 24H20, is found in

nature in feathery or mealy crusts or masses, as an efflorescence

on alum-shale, and in volcanic districts, where it is formed by
the action of sulphur dioxide and oxygen on trachyte and lava.

In some places, as in the districts near Naples and in Sicily,

alum is produced in sufficient quantity to render its manufacture

possible, and a very pure alutn is obtained from this source.

Potash-alum has a specific gravity of T724 (Kopp) ;
it crystal-

lises in transparent regular octohedrons, which often exhibit the

cube and dodecahedron faces
;

its solution possesses a sweet

astringent taste, and has an acid reaction. 100 parts of water

dissolve (Poggiale) :

At 10 20 30" 40 50

K
2
A12(S04) 4 + 24H2

3-9 9-5 151 22-0 30-9 441 parts.

At 60 70 80 90 100

K
2
A1

2(S04) 4 + 24H2 66-6 907 134-5 209*3 35 7'5 parts.

It is insoluble in alcohol. On exposure to the air the surface

becomes opaque and white. This is not, however, due to a loss

of water, but is caused by the absorption of ammonia and the

formation of a basic sulphate. When a crystal of alum is placed
over sulphuric acid or heated to 61, it loses 18 molecules of
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water (Graham) ;
at 92 it melts in its own water of crystallisa-

tion, and loses the whole of its water slowly at 100, and quickly
at a higher temperature with formation of what is known as

burnt alum. This forms a porous mass, which dissolves slowly
but completely in water. When alumina is fused with hydro-

gen potassium sulphate, an anhydrous alum is obtained which

crystallises in small six-sided crystals, which remain behind

when the fused mass is treated with hot water.

275 Neutral and Basic Alums. If an alkali be slowly added

to an alum solution, a precipitate is thrown down which dis-

appears on stirring, but after a further addition of the alkali it

remains unaltered. The solution in which the precipitate just

redissolves has a neutral reaction, and is termed in commerce

neutral alurn; it is employed in dyeing, as it readily gives

up alumina to the colouring matter, and is free from iron, in-

asmuch as the alkali decomposes any iron sulphate which the

liquid may contain. If this solution be allowed to evaporate at

the ordinary temperature, a crystalline crust is deposited which

contains the basic salt A1
2(S04)3 + 2A1(OH)3, together with

potassium sulphate. If the solution be heated above 40, com-

mon alum is formed, and a precipitate of K
2
S0

4 -f A1 2
S04(OH)4

is thrown down, this latter substance being identical in compo-

sition with alunite from Tolfa. When a solution of basic alum

is heated in sealed tubes to 230, this compound is also obtained

in crystals (Mitseherlich). Solutions which contain a small

quantity of basic alum yield, on spontaneous evaporation, cubical

crystals. These were first observed by Sieffert in 1772, and

obtained by him by boiling alum with milk of lime. This so-

called cubic- alum has the same composition as common octohe-

dral alum, and on heating the solution, to which a small quantity

of alkali has been added, to a temperature above 100, ordinary

octohedral alum separates out. Roman alum obtained from

alunite often occurs in commerce in cubical crystals.

When powdered alum is ignited with sugar or lamp-black

and the mass allowed to cool in a closed vessel, a preparation

is obtained whicli takes fire on exposure to the air. This

spontaneous inflammability depends upon the fact that the

preparation contains potassium sulphide in an extremely fine

state of division, and that this oxidises so quickly on being

brought into moist air that the particles are heated up to the

point of ignition.

Eubidium and caesium also form alums which are very
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difficultly soluble, and hence are employed, as has already been

described, for the separation of these metals from potassium.

276 Ammonium-Alum, A1
2(SO4)3 + (NH4),S04 + 24H

2
0. This

salt is very similar to potassium alum. It has a specific gravity

of 1/626, loses water on heating, and, on ignition, leaves a residue

of pure alumina. One hundred parts of water dissolve (Poggiale) :

At 10 20 30 40"

A1
2(XH4)2(S04) 4 + 24H

2
5'2 91 13'6 19-3 27'3 parts.

At 50 60 70 80 90 100

+ 24H.p 36'5 51'5 72-0 103-0 187'8 4220.

Commercial alum frequently contains both potassium and

ammonium in varying proportions.

A hydroxylamine alum is also known.

Sodium-Alum, A1
2(S0 4 ) 3 + Na2

S04 + 24H2
0. It was formerly

believed that aluminium sulphate does not form an alum with

sulphate of soda, but this salt was prepared in the year

1816 by Zellner. Sodium alum is much more readily soluble

in water than the other alums. Its specific gravity is 1'6. It

effloresces in the air, and loses the whole of its water at a tem-

perature of from 40 to 50, leaving an easily soluble residue.

It is not manufactured on the large scale, as on account of its

solubility it is difficult to prepare in the pure state.

Thallium-Alum, A1
2(SO4)3 + T1

2
S04 + 24H20. The analogy

of thallium to the alkali-metals is borne out by the fact that it

forms an alum which crystallises in bright octohedrons or cube-

octohedrons.

Silver-Alum, A1 2(S04) 3
4- Ag2

S04 + 24H
2
O. The isomorphism

of many silver salts with the corresponding salts of sodium

connects this metal closely with those of the alkalis, and silver

likewise forms an alum. This is obtained by heating a mixture

of silver sulphate and aluminium sulphate, together with some

water, in sealed tubes, until the silver sulphate is dissolved. On

cooling, octohedral crystals are deposited. These are, however,

decomposed into their constituents by water. 1

Besides the above-mentioned alums, a number of other alums

are known, in which the aluminium is replaced by isomorphous

metals, such as iron, manganese, and chromium. A peculiar

nomenclature has arisen in the description of these compounds.
If none of the isomorphous metals replace aluminium, as in the

1 Church and Northcote, C7ian. News, ix. 155.
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above-mentioned alums, each is an aluminium-alum. The names,

iron-alum, chromium-alum, and manganese-alum, on the other

hand, are used, as a rule, to designate the potassium double

sulphates of these metals. If potassium be replaced by other

metals, then the names of both metals must be mentioned, as,

for instance, ammonium-chrome-alum, and so forth.

Selenic acid also forms a series of alums, having the general

formula, M2

vi

(Se04)3
-- M

2S04 + 24H
2
0.

277 Aluminium Nitrate, A1(NO3)3,
is obtained by dissolving

the hydroxide in nitric acid, and evaporating the solution with

occasional addition of nitric acid. On cooling, the salt A1(NO3)3

+ 8H
2
O separates out in very deliquescent prismatic needles.

This salt decomposes at 150, leaving a residue of pure alumina

(Deville), and this reaction may be employed for the separation

of aluminium from calcium and magnesium, metals whose

nitrates do not decompose in this way. The solution of the

normal nitrate is obtained by exactly precipitating a solution of

lead nitrate with aluminium sulphate. This solution is used as

a mordant in calico-printing with alizarine colours.

278 Phosphates of Aluminium. Normal aluminium ortho-

phosphate, A1(PO4),
is obtained as a gelatinous precipitate by

adding a neutral solution of alumina to a solution of phosphate
of soda. It is soluble in alkalis and mineral acids, but not

in ammonia. If an acid solution of the salt be precipitated

with ammonia, a basic salt, 3A12(OH) 3
PO

4 + 2A1(OH) 8>
is thrown

down
; this, combined with nine molecules ot \\ater, forms

the crystalline mineral wavellite. In addition to this, many
other basic and double phosphates of aluminium occur in the

mineral kingdom, of which the mineral turquoise or calaite,

occurring in Persia and valued as a gem, is one of the most

important. This is coloured of a greenish or bluish colour

by copper, and is the basic salt A1
2(P04)(OH)3 + H2

0. Most

of the turquoise, not artificial, used in jewellery in former cen-

turies as well as at the present time, and described in early

works on mineralogy, is bone-turquoise or odontolite, a fossil

bone or tooth coloured by phosphate of iron.

279 Silicates of Aluminium. It has already been stated that

the various silicates of aluminium occur in combination with

other silicates to form the chief constituents of the solid crust of

the earth. The number of these compounds is extremely large,

and only those can be mentioned in this work which possess a

general interest.
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Topaz, Al2Si04Fe2 , occurs in granite, gneiss, and mica-schist

in the form of rhombic prisms, which are transparent and

usually colourless, or of a light- or dark-yellow colour. The

finest topaz occurs in the Urals. Siberia, and Brazil The

common forms are not ^infrequently employed for the manufac-

ture of polishing powder instead of emery.

Beryl, Be
3Al,Si6 18

. The transparent green variety which

owes its colour to chromium oxide is usually termed emerald.

This mineral has already been described under beryllium.

Nolle Garnet (MgFe)3
Al

2Si3O12
. This, like the other members

of the group of garnets, crystallises in the regular system, the

dodecahedron being the most prominent form. The crystals are

transparent, and are coloured, according to the quantity of iron

which they contain, from a pale yellow np to a dark red tint.

Lapis lazuli is a double silicate of aluminium and sodium

containing sulphur. It has long been valued for its splendid
blue colour. Its constitution is, however, as yet unknown. It

cr}
7stallises in dodecahedrons, but usually occurs in the massive

condition, and is found in Central Asia, Siberia, Persia, China,

&c. It is largely used for making vases and for inlaying

ornamental furniture, and the powdered lapis lazuli forms the

valuable paint termed ultramarine. This substance is, however,

now artificially prepared on the large scale.

ULTRAMARINE.

280 Tessaert observed in 1814 the formation of a blue colour

in one of his black-ash furnaces at the celebrated glass-works of

Saint Gobain, and Vauquelin showed that this colour is identi-

cal with lapis lazuli. In 1824 a prize was offered in France for

the discovery of a practical method of manufacturing this colour,

and this problem was successfully solved in the year 1828

simultaneously by Guimet l and Christian Gmelin, the latter of

whom published the process in the year 1828. 2

Since this date the ultramarine industry has largely increased.

The chief quantity of the substance is manufactured in Ger-

many, where, in the year 1872, 6,579,308 kilos, were produced,

.whilst the total production of the world amounted in the same

year to 8,585,308 kilos. In the year 1829 the price of artificial

ultramarine was 12 per lb., whereas now it is sold at less than

1 Ann dc Chim. xlvi. 431. 2
Quart. Jtmrn. Science, ii. 216.
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6cL per Ib. Different varieties of ultramarine occur in com-

merce
; these, however, can be divided into two classes.

Ultramarine poor in Silica is obtained by heating a mixture

of soft clay with Glauber salt, charcoal, soda, and sulphur in

crucibles placed in a furnace. Instead of charcoal, tar or resin

is sometimes employed. In this way a colourless compound is

first produced, termed white ultramarine. This, however, soon

becomes of a green colour. The green ultramarine thus ob-

tained, which is also used as a colour, is then mixed with

sulphur and heated. The sulphur takes fire and is allowed to

burn in the air, when the product becomes of a fine blue colour.

Ultramarine rich in Silica is generally obtained by heating

a pure clay with finely ground white-sand, sulphur, and resin

in a muffle- furnace, when a blue product is at once obtained

which, according to the quantity of silica which has been added,

retains more or less of a red tinge. The different kinds of both

green and blue ultramarine are then finely ground and washed

with water, and thus the several marketable varieties are

obtained. A violet and a red variety of ultramarine have lately

been prepared. The following table gives the composition of

some different ultramarines :

Blue.

100' 38 '100-02 100-24

It has already been stated that the chemical constitution of

ultramarine is, as yet, unknown. The sulphur present is, how-

ever, contained in two conditions. Acids readily decompose

all the different kinds of ultramarine, gelatinous silica and

finely divided sulphur being deposited and sulphuretted hydro-

gen evolved. The ultramarine which is poor in silica is de-

colourised by the action of a cold solution of alum, whilst tin-

ultramarines rich in silica withstand the action of this salt,

and the more completely the more silica they contain. Hence

these latter varieties are employed in cases in which the colouring
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matter comes in contact with aluminium salts, as for instance in

the blueing of paper and in calico-printing. The different kinds

of ultramarine are very largely employed in the arts, for water-

colours, as an oil-paint, and for paper-staining.

Silver- Ultramarine. When blue ultramarine is heated with

a solution of silver nitrate, the sodium is replaced by silver, and

a yellow powder is thus obtained which under the microscope is

seen in the form of dark lemon-yellow transparent particles. It is

easily decomposed by acids with separation of silica and sul-

phide of silver, but without evolution of sulphuretted hydrogen.
If silver ultramarine be heated with a solution of potassium

chloride the silver is replaced by potassium, and in this way
blue potassium-ultramarine is obtained, a substance which has

hitherto not been prepared directly (Heumann). Ultramarines

containing selenium and tellurium in place of sulphur have

recently been prepared.
Aluminium Sulphide, A1,S3

. Aluminium combines with

sulphur at a red-heat to form a dark mass, which assumes a

metallic lustre under the burnisher. It is decomposed by water

into sulphuretted hydrogen and aluminium hydroxide.

DETECTION 'AND ESTIMATION OF ALUMINIUM.

281 Aluminium compounds do not impart any colour to the

non-luminous gas-name. The spark-spectrum of aluminium has

been mapped by Thalen, Kirchhoff, and Locoq de Boisbaudran.

It contains a large number of bright lines lying close together,

of which the most important in the red are 6423, and 6425, and

in the blue 4661, and 4662. The aluminium bands seen in the

ultra-violet are extremely characteristic. These are contained

in the invisible and highly refrangible portions of the spectrum
which are only seen when the rays are allowed to fall on a

fluorescent substance. 1 Aluminium occurs almost always com-

bined with oxygen. Most of these compounds are insoluble in

water; many of them, however, are decomposed by hydrochloric

acid, the alumina entering into solution. Those compounds
which withstand the action of acids are decomposed by fusion

with v sodium carbonate and treatment of the fused mass with

hydrochloric acid. Corundum, spinelle, and some other minerals

are not, however, decomposed in this way : the best method for

'
Stokes,

" On the Long Spectrum of the Electric Arc," Phil. Trails. 1862,

I. 599.
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obtaining the aluminium in solution is to fuse these' substances

with hydrogen potassium sulphate.

Aluminium can readily be separated from all other metals. It

is not precipitated from its acid solutions by sulphuretted

hydrogen, whereas it is completely thrown down by ammonia
and sulphide of ammonium, and thus can be readily separated

from the metals of the alkalis and alkaline earths. It is distin-

guished from most of the metals precipitable by sulphide of

ammonium, inasmuch as its hydroxide is soluble in caustic

alkalis. This property it possesses in common with the hy-
droxides of zinc, chromium, and beryllium. The first of these

metals is precipitated in the alkaline solution by sulphuretted

hydrogen, whereas chromium hydroxide is only soluble in the

cold, and is precipitated on boiling. If to the solution from

which the zinc and chromium have thus been separated,

hydrochloric acid and then ammonia be added, the aluminium

is precipitated. This precipitate may, however, still contain

beryllium hydroxide, which must be dissolved by digesting it

with carbonate of ammonia. (See p. 233).

For quantitative estimation, aluminium is precipitated as

hydroxide, and this converted into the oxide by ignition.

The atomic weight of aluminium was first determined by
Berzelius in 1812, who found that 100 parts of the anhydrous

sulphate yield 29 '934 parts of pure alumina, and from this the

atomic weight of 27'2 is obtained. 1 Tissier 2 found the number

27'4 by the conversion of the metal into the oxide, and Dumas 3

obtained the same number by the analysis of the chloride.

Eecent very accurate determinations of Mallet 4
give, on the

contrary, the number 27 '02.

GLASS, PORCELAIN, AND EARTHENWARE.

282 The naturally-occurring silicates are almost all of them

crystalline, and are thereby distinguished from those produced

artificially, which are usually amorphous. Amongst these latter

may be classed glass, porcelain, and the various kinds of

pottery.

1 Pom. Ann. viii. 187.
*
Compt. Rend. xlvi. 1105.

Ann. Chin. Phyy. 17. 129. * Phil. Trans. 1881.
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GLASS.

The manufacture of glass appears to have been discovered by
the Egyptians, although the ancients themselves attributed the

discovery of glass-making to the Phoenicians. Glass vessels of

various sizes, both colourless and coloured, have been found in

Egyptian tombs which belong to an age prior to that in which

the Phoenicians occupied themselves with glass-making. Indeed

the latter nation appear rather to have been engaged in export-

ing the glass made in Egypt, and especially at Thebes, into

different parts of the ancient world, than to have established

any original manufacture of their own. In the tombs of Beni

Hassan near Thebes, which were built more than 2000 years B.C.,

we find paintings representing Egyptians carrying on the

processes of glass-blowing. From these, as well as from the

glass vessels which are found in the tombs, it appears that

the Egyptians were not only acquainted with the art of glass-

making and of working in glass, but likewise with that of cut-

ting and colouring glass by which they imitated precious stones.

Thus an urn has been found made of white glass and ornamented

with patterns in white and in light- and dark-blue glass

showing Thoutmosis' ring, who reigned in the 17th century B.C.
;

as also a moulded glass bead bearing a hieroglyphical legend
and a king's name who lived at this period impressed upon it in

moulded characters.1

Aristophanes is the first Greek author who mentions glass

(tfaXo?), and in his Clouds he refers to a glass lens which was
used as a burning-glass. Amongst Latin authors, Cicero is

the first to mention Egyptian glass, and we find that at the time

of Augustus the Egyptian glass was highly valued in Borne, so

much so that when this emperor subdued Egypt (29 B.C.), a

portion of the tribute was ordered to be paid in glass ;
this

material afterwards being so highly valued by the Eomans that

Aurelius levied an import duty upon glass.

Glass-works were established in Italy, France, and Spain at

an early date. These glass-houses, however, only manufactured

common objects for every-day use, and it was not until after

the introduction of Egyptian workmen to Rome that artistic

1 For further information see Sir Gardner Wilkinson, The Manners and
Customs of the Ancient Egyptians, vol. iii. p. 88. edit. 1837.
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glass-ware was made in Europe. This took place during the

reigri of Tiberius, and the art made such rapid progress that in

the time of Nero, Eoman glass rivalled in every respect the

original Egyptian manufacture. According to Pliny, Egyptian
soda and sand were employed in the manufacture of glass, and

he remarks that in India rock-crystal was used for this purpose,
and that in his time the material which was most highly valued

for making glass was that which approached most nearly to

this mineral. This is readily understood when we remember

that most of the materials used for the manufacture of glass

contain metallic oxides, which produce a colouring effect upon
the mass, so that it is in fact easier to produce coloured than

colourless glass. And even in those early days we find that

manganese was employed as a decolourizing agent. Pliny

moreover specially mentions the preparation of coloured glass,

whilst analyses of antique glass show that the materials em-

ployed to produce the colours in those days are identical with

those which are at present in use.

After the fall of the Western Empire the glass manufacture

followed Constantine to Byzantium, and for five centuries the

Eastern capital became a renowned seat of the glass manu-

facture. On the decay of the Empire of the East, the glass-

makers wandered to various parts of Europe, many being at-

tracted to the Venetian Republic. Here glassmaking greatly

flourished. As a protection against fire, as it is said, the manu-

facture of glass was removed in the year 1289 from the city

of Venice to the adjacent Island of Murano, and here during

the 16th and 17th centuries the Venetian glass-manufacture

attained its highest development, the elaborate productions of

Venetian art becoming famous throughout the civilised world.

No less than 8,000 men were, it is stated, employed at that time

in this manufacture, and so important did this branch of

Venetian trade become, that strict laws were promulgated to

prevent the secrets of glass-making from becoming known to

foreign workmen, the supervision of the glass-houses being

confided to the chief of the Council of Ten. The Venetian

glass-industry received, however, a check in the 17th century,

from which it has only in recent years recovered.

283 In the early Middle Ages an independent manufacture of

glass arose in Germany, and glass-painting is entirely of German

origin ;
the manufacture of glass-mirrors appears also to be a

German invention. At first the glass was coated with a
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of metal, and it was not until the 1 5th century that the present

process was introduced. In addition to table-glass and window-

glass, artificial gems, glass rings, and other objects of art were

manufactured in Germany. Agricola in his treatise De re

Metallica, published in the year 1530, gives the first drawing
of the interior construction of a glass-furnace, and in this work

as well as in Mathesius' Sarepta or Bergpostill (1564), we find

explicit and interesting directions concerning the manufacture of

glass as carried on in Venice, Germany, and Bohemia. In the

last-named country the glass-industry began to flourish in the

16th century, the purity of the materials occurring there enabling
manufacturers to produce the colourless glass for which the

Bohemian glass-houses have long been famous and in which

they still excel. When the Venetian glass-manufacture fell

into decay, Bohemian glass replaced Venetian, but in time the

Bohemian manufacture again suffered a relapse, owing to the

heavy import duties which were levied upon glass-wares as well

as to the fact that other governments held out inducements to

the Bohemian workmen to settle in foreign countries
; and, like

the Venetian manufacture, it is only in recent years that the

Bohemian glass-industry has recovered its original position.

In the meantime many of the German princes patronised
the glassmakers, and each became celebrated for some peculiar

manufacture. Thus a glass-house at Potsdam was well known
for its manufacture of ruby glass. This glass-house was estab-

lished under the direction of Joh. Kunkel, and in 1685 he

published the first edition of his Ars Vitraria Experimentalis, in

which he gives a translation of the collection of receipts pub-
lished at Florence by Antonius Neri in 1612, and adds to them
remarks of his own and those of E. Merret.

Glass-works were also set up in France at an early date, but

it was not until the 18th century, when workmen were intro-

duced from Germany, that a pure kind of French glass-ware
was made. Plate- or mirror-glass was first prepared in England,
but the method of manufacture was greatly improved by De
]S"ehou, who in 1688 erected a glass-works at Paris. This was

afterwards removed to St. Gobain, where it soon became and still

remains the most important plate-glass works in the world.

The first manufacture of glass which we hear of in England
is that of window-glass established in the 15th century. The

product cannot, however, have been very good, for in an old

deed made in 1439 by the Countess of Warwick and a glazier
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of Westminster named Prudde, it is distinctly stipulated that

no English window-glass is to be used. In the reign of

Elizabeth, French artists were brought to London, and these

carried on their trade of making window-glass at Crutchcd
Friars in 1557, whilst flint-glass was first manufactured at a

glass-house at Savoy House in the Strand. Mirror-glass, used

for looking-glasses, coach-windows and similar purposes, was
manufactured at Lambeth by Venetian workmen brought over

in 1670 by the Duke of Buckingham. The first large plate-glass
works were established in 1771 at St. Helens under the name
of the Ravenshead or the British Plate-Glass Company, and

this company continues to flourish up to the present time.
'

The glass industry was introduced into Russia in the 17th

and 18th centuries by German and Bohemian workmen
;
and in

the United States the same manufacture appears to have been

established by Robert Hewes, a citizen of Boston, who erected a

glass-house in the forest which existed hi New Hampshire. The

manufacture of Mr. Hewes does not seem to have been success-

ful, and in 1800 another attempt was made to establish a glass-

house at Boston, which also failed, until a German of the name

of Lint took charge of the works in 1803, and the State of

Massachusetts agreed to pay a bounty on all glass manufactured

by him.

284 Composition of Glass. Glass is an amorphous mixture of

various silicates, especially of those of the alkalis and alkaline

earths, formed by the fusion of the ingredients. Glass differs

from any of the simple silicates which compose it by being

nearly insoluble in water and in acids, as well as by being non-

crystalline ;
for whilst the silicates of the alkalis yield a non-

crystalline mass on cooling from fusion, which is soluble in

water, the silicates of the alkaline-earth metals, on the other

hand, yield, after fusion, a distinctly crystalline solid readily

attacked by acids. At high temperatures glass fuses to a thin

mobile liquid, and on cooling this passes through all gradations

of viscosity until the' solid state is reached. This property of

glass to pass gradually from the liquid to the solid condition is

one which is peculiarly characteristic of the substance, and it is

this which caused Pliny to consider glass as the most plastic

of substances.

Owing to the immense number of its applications to the

purposes of every-day life, the manufacture of glass has greatly

contributed to the progress of civilization, whilst from a scientific
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point of view the value of glass can scarcely be overrated, as

the sciences of chemistry and physics could scarcely exist were

it not for this most useful material.

285 The several kinds of glass may be divided according to

their composition into four chief varieties :

I. Bohemian Glass. This is a silicate of potash and lime. It

is very difficultly fusible, and of all glass it is that which is least

acted upon by chemical reagents.

II. Window- or Crown-Glass. This is a silicate of soda and

lime. It is more fusible but harder than the preceding, and

possesses the faint blue colour characteristic of soda-glass ;
it

is more readily acted upon by acids than Bohemian glass.

III. Bottle-Glass or Common Green Glass is a silicate of soda

and lime, together with alumina and oxide of iron, and it is to

this latter oxide, present as impurity in the cheap materials

employed, that the mass owes its green colour. The alkaline

silicates are contained in bottle-glass in smaller quantity than

in the other varieties of glass, and the colour varies from a

darker to a lighter green or brown according to the care with

which the materials have been selected. It is harder and more
infusible than soda-lime glass, but it is easily attacked by acids.

IV. Flint- Glass or Crystal, and Strass. This glass is a potash-
lead silicate. It is characterized by its high specific gravity,

bright lustre, and great refracting power. It is the most fusible

variety of glass, and is easily attacked by chemical reagents.

Crystal is a pure flint-glass used for optical purposes. Strass is

a flint-glass, named after the discoverer, very rich in lead, and

possessing a very high refracting power ;
it forms the basis of

the artificial gems and precious stones known as paste.

The following table shows the composition of samples of the

different kinds of glass :
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286 The materials used in the glass manufacture are, in the

first place, silica, which is contained in all forms of glass. This

substance is added in the form of white sand, ignited Hint, or

quartz. For the common kinds of glass common sand is used.

The second important ingredient is the alkali, and this is

added in the form of purified potashes ;
whilst the alkali used

for the better kinds of soda-glass is added in the form of refined

soda-ash. For the commoner sorts of glass sodium sulphate, or

salt-cake, is now largely employed instead of soda-ash
;

this

being transformed into sodium silicate by the silica, in the pre-

sence of carbon, with evolution of sulphur dioxide.

The materials employed for the formation of the other con-

stituent of glass, viz., calcium silicate, are, according to the

kind of glass needed, calc-spar, marble, chalk, or common lime-

stone. In the manufacture of lead-glass red-lead is employed,
and for the common varieties white-lead or litharge is some-

times used.

The less iron is contained in the materials used, the whiter

and less coloured will be the glass. It is, however, almost

impossible to obtain materials perfectly free from iron oxide,

and, in consequence of this, a substance is generally added for

the purpose of oxidizing the ferrous oxide to ferric oxide. The
former oxide, even in small quantities, imparts to glass a deep-

green tint, whereas the latter gives to the glass a light-yellow

colour, and this is scarcely visible when the ferric oxide is pre-
sent in small quantities. The decolorizing substances added

for this purpose likewise serve to oxidize the carbon which is

frequently present in the mass, and which imparts to the glass a

deep-yellow or brown tint. Manganese dioxide (pyrolusite),

arsenic trioxide, and saltpetre are used as decolorizing agents
in the manufacture of lime-glass, whilst -red-lead is employed
for the same purpose in the manufacture of flint-glass. In

former times manganese dioxide (pyrolusite) was exclusively
used for this purpose. Indeed the Romans were acquainted
with this property of manganese dioxide (see Manganese), and

on account of its detergent qualities it was in later times called

sapo vitriariorum, or glass-maker's soap. The decolorizing
action of manganese dioxide upon glass not only depends

upon the fact that it oxidizes the iron from ferrous to ferric

oxide, but also that the manganese itself imparts to the glass
a violet tint, and this being a colour complementary to the

green, produced by ferrous salt, assists in the decolorization.
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287 (1.) Bohemian Glass is made from pure powdered quartz
and purified potashes, and is distinguished by its colourless

character, which approaches that of rock-crystal itself. In con-

sequence of this property it has long been highly esteemed, and
Bohemia is the seat of a wide-spread industry, which, however,
has somewhat declined since the general introduction of flint-

glass. Bohemian glass serves for the preparation of chemical

apparatus, and especially of combustion-tubes, which withstand
a high temperature without softening.

(2.) Window-, Crown-, or Plate-Glass. From the preceding
table it is seen that the glass of ancient Egypt possesses a

very similar constitution to that which is now largely manu-
factured for the above purposes, and the Egyptians appear to

have employed for the manufacture the naturally occurring
carbonate of soda, or trona, which occurs in Upper Egypt.
Tn Europe, and especially in France, kelp, or, at any rate, car-

bonate of soda obtained from kelp, was originally employed for

glass-making ; but this source of soda was replaced in England
in the year 1831 by soda-ash, made by Leblanc's process. Lax-

mann in 1764 had already tried to replace the'carbonate by the

native sulphate occurring in the Siberian salt-lakes, and these

experiments were continued in 1803 by Baader, who succeeded

in replacing soda-ash by salt-cake in the manufacture of common

glass; but it is only since 1856, when Pelouze found a simple
method of obtaining the sulphate free from iron, that the latter

has almost entirely superseded the more expensive soda-ash. The

whole of the sulphur contained in the salt-cake is evolved as

sulphur dioxide, and this escapes into the air, no practical pro-
cess having, as yet, been suggested by which this gas can be

condensed and utilized.

(3.) Common Bottle-Glass or Green Glass. Figures of glass-

blowers plying their trade have been found in the Tht-ban tombs

of Beni Hassan, where the workmen are represented as using

blow-pipes, and other tools similar to those which are now em-

. ployed, whilst the bottles, and other products of the glass-

blower's art (shown in the paintings) are not unlike similar

objects of our own day. Bottles have also been discovered in

the Theban tombs inscribed with Chinese characters. May not

this fact point to a possible connection between Egypt and the

still older monarchies of the far East ? In vine-growing France

the necessity for glass wine-bottles soon became felt, and a glass-

bottle works was established so early as the year 12 (JO by
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Leempoel, at Quiquengrogne, near La Chapelle, which is flourish-

ing at the present day.

Bottle- or green glass is the commonest kind of glassware.
The materials employed for its preparation are common coloured

sand, the residual alkaline- and lime-salts from gas-works, soap-

works, and alkali-works; common-salt, salt-cake, and ashes

from h'res of wood or charcoal
; clay, basalt, and other rocks

containing felspar.

The first essential of a wine-bottle is that it shall be strong,

and that it shall not be attacked by the acids contained in

wine. This last property depends upon the composition of the

glass, for if it does not contain a sufficient quantity of silica,

the glass is apt to be attacked by acids. The common, half-

white blown-glass, stands, both in its composition and in its

mode of preparation, between green bottle-glass and the pure
white-blown glass, and the materials for its preparation must be

free from iron. All the glass has, however, more or less of a

green tint. In England common medicine bottles, as well as

the large stoppered bottles, known as Winchester quarts, are

tinted a light blue colour by the addition of oxide of cobalt.

288 (4.) Flint-Glass or Crystal. This glass contains lead oxide

as its characteristic ingredient, and hence is frequently termed

lead-glass. The name flint-glass was given to this product be-

cause burnt and ground flints were originally used as a source

of silica. It is usually supposed that the manufacture of this

glass was first carried on in England, and at the present day the

article is a characteristic product of the English glass-house.
It appears, however, that flint-glass was known to Neri, who
describes it as by far the most beautiful glass, and in Kunkel's

translation he says: "Lead-glass is not in use amongst our

glass-makers on account of its great brittleness." At any rate

lead-glass was made in England about the year 1635, and its

manufacture was carried on by means of coal, which was first

employed as fuel in the glass-houses in that year in place of

charcoal. The carbonaceous smoke of the burning coal im-

parted to the ordinary glass a yellow colour, but this difficulty

was overcome by the use of covered crucibles instead of the open
ones formerly used (see Figs. 116 and 117). The drawback to

the use of such crucibles was that they did not attain a suffi-

ciently high temperature to bring the "
metal," as the molten

glass is technically called, into a condition of perfect fluidity.

Under these circumstances a more readily fusible mass was
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obtained by simply adding a larger quantity of potash. The

quality of the glass was, however, thereby deteriorated, inas-

much as it was readily attacked by water. In order to remedy
this evil a substance must be added which, whilst serving to

render the glass more fusible, does not at the same time, like an

excess of potash, render it soluble in water. Lead oxide was

found to answer these conditions admirably.

Flint-glass possesses a higher specific gravity and refractive

power, as well as a higher lustre, than the other kinds of glass.

It is, however, more easily attacked by acids and alkalis.

Heavy optical-glass or crystal belongs to this class. Strass

contains a larger quantity of lead oxide, and has, therefore, a

greater refractive power, and is used for the purpose of making
artificial gems. Several other kinds of glass may be classed as

belonging to this group. Thus, for instance, those in which

thallium, barium, and zinc replaces the lead
;
these also possess

a high lustre, and are highly refractive. It has been proposed
to use thallium glass for optical purposes.

THE MANUFACTURE OF GLASS.

289 The materials employed for the manufacture of the glass

are first fritted together in melting-pots. These pots require great

care in their preparation and are made of the most refractory

kind of fire-clay, such as that found at Stourbridge. When

FIG. 116. FIG. 117.

charcoal or gas is used as fuel the pots are open; when, how-

ever, coal is employed, and especially in flint-glass making, the

pots are hooded or covered at the top, having a mouth in front

like a muiHe as seen in Fig. 117. The melting-furnace is built
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of sandstone or of moulded blocks made of the purest fire-clay.

The construction of the oldest form of glass-furnace as used in

the time of Agricola, is shown in Fig. 118. It is hemispherical

FIG. 119. FIG. 120.

and is heated by a wood-fire placed in the lowest opening ;
the

second opening gives access to the melting-p'ot, whilst theupper
space serves as the annealing oven. The older glass-houses are
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usually built in the form of a truncated cone, open at the top,

from 60 to 80 feet in height, and from 40 to 50 feet in diameter

at the base, the centre of the area being used for the melting-

furnace, capable of holding from 5 to 10 glass-pots or crucibles

for melting the materials. In the earliest glass-furnaces wood

was employed as a fuel. This was gradually replaced by coal,

and this change was naturally accompanied by an alteration in

the form of the furnace. The small Bohemian furnace, where

wood is employed as a fuel, shown in Fig. 119, was formerly

common in Germany. In order to insure complete combustion

and to bring about a sufficiently high temperature when the fuel

used is coal, the arrangement shown in Fig. 120 is made use of,

the whole of the furnace being inclosed in a conical chimney.

Figs. 121 and 122 show the construction of a modern English

flint-glass furnace in plan and in vertical section. Ten large

glass^pots are placed round the walls of the furnace, with tli.-ir
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mouths towards the outside, opposite corresponding holes in the
external wall of the furnace, so that the molten glass can be
readily withdrawn. A small pot is placed above the firing-hole
D. The grate for the coal fire is situated in the centre of the

FIG. 124.

furnace and the flames striking on the arch or crown E (Fig.

122) play round each pot and find their way through the flues

(F) in the pillars into the common chimney.
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Amongst modern glass-furnaces that invented by Siemens is

the most successful. Fig. 123 shows the gas generator, which

is situated at some distance from the melting-furnace. In this

the coal falls down through the opening (g) on to the inclined

plane (b 5), whence it passes on to the inclined bars (c c) of the

3 Meter

FIG. 125.

furnace. Here an incomplete comhustion takes place and the

coal lying above the grate undergoes dry distillation
;
the gases

pass through the flues (c) (D) and (E), and are led into the

melting-furnace, the construction of which is seen in Fig. 124
The gas passes through the flue (c') where it is heated in the
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regenerator (D'), whilst the air necessary for the combustion of

the gas is allowed to enter through the air-ports (k' k').

Tier 125 shows a vertical cross section, Fig. 126 a horizontal

section, and Fig. 127 a vertical longitudinal section of the most



478 METALS OF THE ALUMINIUM GROUP.

improved form of a Siemens glass-melting furnace. This furnace

resembles the one last described, in having the regenerative

arrangement for recovering the waste heat as shown at (D'd') Fig.

124, but is remarkable for an improved method of construction

and mode of working, the glass being placed in tanks instead of

in pots. In the older forms of glass-furnace the materials are first

charged into the glass-pots, then fritted and melted down and

worked out completely, after which the pots are re-charged and

the process repeated. Hence, a considerable loss of time and

waste of fuel takes place through the intermittent nature of the

work. Dr. Siemens' improvement has for its object the render-

ing of the process of glass-making a continuous and more uniform

one. It consists of an arrangement of tanks (A), (B), (c), Fig. 127,

of which (A) serves to receive the raw materials and in which

they are fritted together and afterwards fused. From (A) the

liquid "metal
"
flows into (B), the clarifying compartment, whence

it again passes into (c), the working compartment, from which

it can be withdrawn by the workmen in the usual manner

through the doors (n, D). The compartment (A) is fed with raw

materials through the charge-aperture (E) at the back of the

furnace. This compartment (A) is separated from the tank (B) by
a division wall (F), in which a series of passages are formed, one

of which is seen at (a). Through these passages the melted

glass flows, and from (B) it passes to the tank (c) through the

passages (b) in the division wall (G). The sides and bottom of

the tank are honeycombed with air-passages (d d d} , through
which cold air is caused to circulate by the draught produced in

the chimney (H), and thus the tank-walls are maintained in a

cool condition so as to enable them better to withstand any

injurious action of the melted glass. The gas-ports are shown

at (k k), and the heated air issues from corresponding openings

passing in diverse directions over the upper edges of the wall.

By this means an effectual intermixture of the combustible gas
and the heated air is produced, and the air is prevented from

coming into immediate contact with the surface of the melted

glass in the tanks. By arranging the gas- and air-ports along
the sides of the tanks the temperature in the different parts of

the furnace can be regulated according to the various stages of

the preparation of the glass in the several compartments.
The materials required for the formation of the glass are, if

possible, always mixed with broken glass of the same kind,

technically termed "
cullet," for the purpose of increasing the
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fusibility of the mass. The materials, however, are not placed

in the pots until these are heated up to a high temperature.

The furnace is kept very hot until the first portion of the

material added has been fused, and then a second portion is

introduced. When all the solid matter is dissolved, the glass

is still full of small bubbles of gas, and is of a spongy nature

and not yet in a fit state for working. Moreover, the surface of

the melted mass is covered by a layer of salts chiefly consisting

of chlorides and sulphates of potassium and sodium which have

escaped perfect vitrifaction
;
this is termed glass-gall or sandiver.

Formerly, when impure materials were more generally employed
than is now the case, large quantities of this scum were formed.

Now. however, its formation is avoided by the use of purer
materials and by the addition of charcoal if salt-cake is em-

ployed, care being taken not to add an excess, as otherwise the

glass assumes a yellow colour. The last process in glass-making
is termed the "

fining," and consists in the removal by subsidence

of the heavier non-vitrified particles and the escape of the bubbles

of gas to the surface. For this purpose the glass must be brought
into as liquid a state as possible, aud consequently at this stage

of the operation the temperature is raised to the highest point.

"When all the gas-bubbles have disappeared and the glass-gall

has become clear and colourless, the temperature of the furnace is

allowed to diminish slowly, the object being to reduce the fluidity

of the glass to the point at which it becomes viscid and in a

workable condition. Glass is worked either by the skill of the

glass-blower, for the production of the ordinary hollow- or blown-

glass articles, or by casting in presses, or, lastly, by pouring the
" metal" out on to iron tables and rolling it into plates. The

tools described by Blancourt in his work On the Art of Glass,

printed in London in 1699, are almost the same as those now
in use.

290 Annealing. All articles made of glass require to be very

slowly and homogeneously cooled, for, glass being a bad conductor

of heat, those portions of the glass which are on the outside

solidify first, and contracting in this act of solidification leave

the interior portions still warm, and these, unable to assume their

natural position on cooling, are in a state of tension or condition

of unstable equilibrium. Hence, glass which has been quickly
cooled cracks and falls to pieces with the slightest disturbance,

such as when even very slightly scratched, and is liable to break

when exposad to sudden changes of temperature. All glass
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therefore requires to go through the annealing process. This
consists in submitting the glass articles to a very slow cooling.
The construction of an annealing oven is shown in Fig. 128.

FIG. 128.

The fact of the brittleness of glass when suddenly cooled is

well seen in the so-called Ruperts Drops (Fig. 129), obtained

FIG. 129.

by allowing a little melted glass to fall drop by drop into cold

water. By merely breaking off' the thin point the whole mass
is converted with a slight detonation into a fine powder.

Similarly an ordinary thick tumbler made of unannealed glass

flies to pieces when the slightest scratch is made on the interior

surface, as when a small piece of flint is allowed to fall into

the glass.

291 Properties of Glass. Pure glass is perfectly transparent
and colourless. It becomes soft at a red-heat, and hence it

can be readily welded. At higher temperatures it becomes

still softer and at last melts, forming first a thick and after-

wards a mobile liquid, fusing the more readily, the smaller is

its percentage of silica. According to its composition, glass

varies considerably, both in specific gravity and lustre. Soda-

lime glass has a specific gravity of from 2*4 to 2 46
;
the specific

gravity of lead-glass rises as high as from 3'0 to 3*8, whilst the

thallium-glass of Lamy reaches as high a point as 4' 18. The
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refractive index is also dependent upon the composition. The

higher the atomic weight of the metals which it contains, the

greater is the specific gravity of the glass, arid the higher is

the refractive index.

Kind of Glass. Specific Gravity.

Crown-glass ...... 2'585 . . . 1'530

Fraunhofer's flint-glass . . 3135 . . . 1707
Guinand's . . . 3'417 . . . 1778

Larny's thallium glass .. 4180 ... 1-673

Diamond ...... 3'518 . . . 2470

It is of especial importance for the chemist that his glass

vessels should satisfactorily withstand the action of chemical

reagents. Ordinary soda-lime or potash-lead glass is not only
attacked by acids, but is easily decomposed when placed for

some time in contact with boiling water, as was first observed

by Bernard Palissy. It has already been stated (Vol. I. p. 25)

that Lavoisier and Scheele were well aware of this solvent action

of water upon glass, and that they explained this by the

solution of the alkaline silicates, whilst the insoluble silica or

lime-silicate floats about in the liquid. In his celebrated re-

searches on the atomic-weights of the elements, Stas l describes

a series of preliminary experiments made for the purpose of

ascertaining the kind of glass which is least subject to such

deterioration. He found that glass containing lead or alumina

is readily acted upon by acids, whilst Bohemian potash-lime

glass being rich in silica and free from alumina' withstands this

action best. Such glass is, however, difficult to work from

its high melting-point, and in order to obtain a glass equally

capable of resisting solvents and at the same time fusible

enough to enable it to be worked into the various forms of

chemical apparatus, Stas replaced half of the potash in the

mixture used for the Bohemian glass by its equivalent of soda,

so arranging the materials that the glass possessed the following

composition :

Silica ..... 77-0

Potash .... 77
Soda ..... 5-0

Lime ..... 10"3

100-0

1 Noumlles Reckerches, <<;., Mem. Acad. Bel", xxxv. 216.
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Emraerling, who has lately investigated the same subject,
obtained the following experimental results. 1 The solvent action

of boiling solutions on glass vessels is within certain limits

proportional to the time during which the action takes place.
New glass vessels are attacked to a greater extent than old ones,
but the action diminishes after a while. It is also proportional
to the surface exposed to the action of the liquid, but it is

independent of the amount of liquid which is vaporized in a

given time. The action diminishes rapidly with increase of tem-

perature. Even small quantities of the alkalis attack glass

violently. Dilute acids, with the exception of sulphuric acid,

exert even a less corrosive action than water itself. Those salts

whose acids form insoluble calcium salts act in the same way as

sulphuric acid does, and their action increases with the concen-

tration of the solution. On the other hand, those salts whose

acids form soluble calcium salts attack glass less powerfully, and

their action diminishes with the concentration. Bohemian glass

is attacked "much less by acids than soda-glass, and it appears
that all the constituents dissolve in the proportion in which they
are present. From these observations it follows that in order to

diminish the errors which occur in quantitative analysis from

the solvent action of reagents upon glass, the contact of alkaline

liquids must especially be avoided, any such liquid being acidi-

fied before evaporation. In the same way it is advisable to

avoid the use of new glass vessels and also to diminish the

time of evaporation and the volume of wash-water as much as

possible, and for this latter purpose the use of the Bunsen filter-

pump is strongly to be recommended.

292 Devitrification of Glass. Reaumur's Porcelain. In 1739,

Reaumur observed that if a piece of glass be surrounded by

sand or gypsum and heated strongly for a considerable length

of time it is converted into a porcelain-like mass, to which he

gave the name of porcelaine par dtoitrification. It was at first

believed that this change was brought about by the absorption

of the materials in which it was imbedded, but Lewis, in the

year 1763, concluded that the formation of Reaumur's porcelain

depends upon the volatilization of the alkali contained in the

glass.

This view was adopted by numerous chemists, amongst whom

Dumas may be especially mentioned, under the assumption tint

a crystalline calcium silicate was formed which renders the glass

1 Ann. Chem. Pharm. cl. 257.
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opaque. According, however, to the experiments of Pelouze,

Benrath,
1 and Stolba 2 the porcelain-like glass possesses the

same composition as ordinary transparent glass, and Benrath in

his 'investigation on this substance, arrives at the following

conclusions. Glass which contains more silica than the amount

corresponding to the formula ]M
2
Si

3 7, readily becomes devi-

trified. Devitrified, as well as ordinary transparent glass, consists

of mixtures of an amorphous and of a crystalline mass, or of

mixtures of crystals which have separated out in an amorphous
solidified mother-liquor. The existence of crystallized struc-

ture in ordinary glass is shown by the fact that if the surface

of J1 melted unpolished glass be treated with strong aqueous

hydrofluoric acid, and the etched portions well-washed with

sulphuric and hydrochloric acids, the etched surface exhibits,

under the microscope, a distinct finely -grained crystalline struc-

ture (Leydolt). In apparently amorphous glass thenj it would

appear that we have to do with a supersaturated solution

which has been quickly solidified, whilst in the case of Eeau-

mur's porcelain sufficient time has been given for the for-

mation of larger and visible crystals. Other views are how-

ever maintained by certain chemists on this question. Thus

Peligot
3 maintains that the vitreous mother-liquor contains more

alkaline silicate than the crystalline portion, inasmuch as

devitrified glass placed in a moist atmosphere exudes carbonate

of potash in a soluble form. The same chemist also states that

the melting-point of devitrified glass is higher than that of

the vitrified portion.

Badly prepared window-glass, especially that rich in alkalis,

becomes opaque on exposure to the air. This is due to a

devitrification of the surface brought about by the action of

water, carbon dioxide, and ammonia, and depends on the fact

that the alkalis are separated and washed away by water, whilst

an iridescent coating, consisting of a thin film of calcium

silicate, remains on the surface. This iridescence of glass is

especially well seen in antique glass which has been buried in

the earth for a considerable length of time. A similar iri-

descent surface on glass is now produced artificially by heating

ordinary glass under pressure in contact with hydrochloric acid.

1 Die Glafdbrication, 1875, p. 18.
2 Journ. Pract. Chem. xc. 465

; xciii. 118.
8 Le Ferre, Paris, 1877, p. 45.
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OPAQUE AND COLOURED GLASS.

293 Transparency is certainly the most important property
of glass, and yet for some purposes translucent or even opaque

glass is useful. The ordinary opalescent or enamelled glass is

either soda-glass or flint-glass which has been rendered opaque

by the addition of an insoluble powder such as bone-phosphate
or mineral-phosphate. Cryolite has also been employed in place

of phosphate, giving rise to a material manufactured in Pitts-

burg, U.S.A., and known under the name of hot-cast porcelain.

Ellis describes the manufacture of milk-glass of this kind as

consisting in fusing together 1 part of cryolite with from 2 to 4

parts of white sand, whilst, according to Williams, an addition

to this mixture of 9 per cent, o" zinc oxide improves the result.

Instead of cryolite, fluor-spar or sodium aluminate may be

employed.
Another opaque variety of glass is known under the name of

enamel. This name originally signified lead-glass rendered

white by oxide of tin. At the present day several oxides are

employed for this manufacture, such as those of antimony and

arsenic, as well as permanent white or sulphate of barium.

Enamel is used especially for covering the surface or for

"
enamelling

"
iron vessels used for cooking and other

purposes.

The ancients were well acquainted with the mode of pre-

paring coloured glass, and not only did they colour it in mass,

but they were conversant with the process of
"
flashing," that is

of coating a white glass with coloured glass. An example of

this is seen in the celebrated Portland vase. The white figures

of Peleus and Thetis have been obtained by cutting away the

white surface which originally covered the whole vessel.

Figures on flashed glass are still prepared in the same way

by cutting away the outer coating, . and thus allowing the

colour of the lower layer to be seen. The process of flashing

is also employed when the colouring matter would be too in-

tense if the whole mass were coloured, and thus by varying the

thickness of the outward crust of coloured glass differences in

tint can be brought about. Blown-glass can be coloured either

on the exterior or interior surface. In the first case the glass-

blower brings the requisite quantity of colourless glass on to his
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blowpipe, and dips this into the molten coloured glass so as to

cover it with a thin film
;
whilst in the other case the coloured

is covered with the colourless glass.

294 Eiiby Glass. The older chemists were acquainted with

the fact that glass can be coloured a ruby-red tint by means of

gold compounds. Thus Neri describes a method of preparing

ruby glass by adding to the glass-maker's materials the residue

from the evaporation of a solution of gold in aqua-regia. General

attention, however, was drawn to this subject in the 17th

century, after the discovery of the purple of Cassius, obtained

as a dark-red powder by mixing the chlorides of gold and

tin. Amongst other chemists, Kunkel occupied himself with

the preparation of this gold pigment, and obtained from the

Elector Frederic William the sum of 1,600 ducats for his

experiments.
In his Ars Vitriaria Experimentalis he says :

" There was a

certain Doctor medicince, by name Cassius, who discovered the

prcecipitatio Solis cum Jove : to this perhaps Glauber may have

given occasion, but I leave this undecided. The aforesaid

Doctor Cassius endeavoured to bring it into glass, but when he

tried to form a glass with it, or when he took it out of the fire,

it was as colourless as crystal, and he could not bring any per-

manent red out of it. He may, however, have observed, being
a man curious about these things, amongst the glass-blowers that

when they softened glass in the flame of the lamp the colour

underwent a 'change. Thus he came to try the same plan with

gold glass, and obtained a splendid ruby colour. When I learnt

this, I set to work at once, and I know best what trouble I had

to hit the proper composition, and to find out how to get it

always red."

The secret which is involved in the above words is explained
in the Ldboratorium Chynricum, which appeared after his death :

" This ruby glass possesses the property that when the glass is

melted with the Q feld) it comes out of the fire as clear as

crystal, and in order to become red must be heated again in a

mild fire."

Euby glass, now prepared by the addition of the purple of

Cassius or of gold chloride, possesses the property above de-

scribed, and remains perfectly colourless when quickly cooled
;

but when heated to the point at which it becomes soft, the

whole mass attains a ruby-red colour. By the addition of tin

or silver compounds, a variety of tints between a rose-red colour
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and a red-purple colour can be obtained. The exact nature of

the gold compound which produces the ruby colour in glass is

not yet known, nor can we explain why the glass becomes red

only on a second heating. Some suppose that the colour is due

to metallic gold in so finely-divided a state that the substance

only allows red light to pass through it. The amount of gold
contained in ruby glass is very small, amounting to from 0'05

to 0-06 per cent.

295 Copper Riiby Glass. Cuprous oxide also colours glass a

fine and intense red, but inasmuch as this compound readily

undergoes oxidation and as cupric oxide imparts to glass a light

green colour, a reducing agent such as iron-scale is added to

the materials. Oxidation is also prevented by poling the molten

mass with pieces of fresh wood. The mass on cooling appears

of a light green colour, but becomes red on re-heating. The pre-

paration of this glass was also understood in early times. Klap-
roth- found both copper and iron in a sample of old Roman glass,

and in the beginning of the 17th century Neri described a method

of calcining copper in order to colour glass, and stated that iron-

tilings, iron-scale, or other reducing agents must be added in

order that the colour may come out u bright reel. Kunkel also

employed himself with the preparation of this glass, but in later

times the art of producing red glass without purple of Cassius

was lost, and it was not until the year 1828 that Engelhardt

examined the question and obtained a prize which the Berlin

Polytechnic Society had offered for the discovery, since which

time the method has been generally practised. Cuprous oxide

possesses a very strong colouring power, and for this reason

copper-ruby is generally used for flashing or casing. Ferric

oxide (colcothar) also imparts a red colour to glass, but one less

brilliant than the two preceding ones.

Yellow Glass is prepared by the addition of potassium anti-

moniate or of antimony-glass, a fused and imperfectly oxidi/rd

sulphide of antimony, which imparts to glass a topaz-like tint.

Other yellow colours are obtained by the use of silver chloride

and silver borate. Organic bodies also impart a yellow tint to

glass. This must have been observed by Thomas Aquinas, who

describes a mode of preparation of artificial topaz by placing a

piece of aloe-wood over the vessel in which the glass is melted.

It was formerly believed that this brown colour was due to

carbon. Splitgerbe has, however, lately shown tliat it is caused

by the presence of the sulphides of the alkali metals obtained
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by reduction from the sulphates contained in the material used

for glass-making.

296 Green Glass is obtained by the addition of cupric oxide,

and this fact was known to the ancients, the above substance

being found in antique glass. According to Seneca, Democritus of

Abdera was acquainted with a method for producing the emerald

artificially, and Theophrastus, about 300 B.C., described a mode
of colouring glass green by means of copper. Other green
tints are obtained by the addition of oxide of chromium and

ferrous oxide. The latter, however, gives a dull bottle-green

colour.

Cobalt oxide colours glass a fine blue, and this oxide has been

used from early times for this purpose. Davy found cobalt in

all the antique blue glass which he examined.

The violet colour ot glass is due to manganese oxide. This

is obtained by the addition of black oxide of manganese and

nitre.

A fine black opaque glass is obtained by the addition of sesqui-

oxide of iridium to colourless glass, and a common black glass is

prepared by adding large quantities of ferric oxide, with which

copper oxide or cobalt oxide is frequently mixed.

Strass and Paste. The property of glass to attain a variety of

tints by the addition of various metallic oxides is made use of

for the production of artificial gems or paste, and this art has

now attained such perfection that it is difficult even for an

adept to ascertain upon mere inspection whether a gem is real

or artificial. The discrimination can, however, be made at

once by determining the hardness of the stone with a good

lile, inasmuch as the artificial are much softer than the natural

gems. Strass is employed for the basis of paste, and is dis-

tinguished by its high refractive power and bright lustre.

According to Donault-Wieland topaz is formed by adding to

1000 parts of strass, 40 parts of antimony-glass, and 1 part
of purple of Cassius. Ruby is obtained from the ingredients of

the topaz mixture by fusing 1 part of this with 8 parts of strass

and allowing the fused mass to remain at the temperature of the

furnace for thirty hours. Emerald is prepared by fusing 1000

parts of strass, 8 parts of cupric oxide, and 0'25 part of chro-

mium oxide. Sapphire can be made by the addition of 15 parts

of cobalt oxide to 1000 of strass
; amethyst requires the addition

of 8 parts of manganese dioxide, 5 of cobalt oxide, and 2 of

purple of Cassius ; whereas the "beryl or aqua-marine is pre-
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pared by adding 7 of antimony -glass and 0'4 of cobalt oxide to

the 1000 of strass, and Syrian garnet or carbuncle requires 500
of antimony-glass and 4 parts each of iranganese dioxide and

purple of Cassius to the same quantity of strass. These special
tints can, however, be readily varied at pleasure.

297 Avanturine Glass or Artificial Avanturine. This material

is a reddish or greenish glass filled with minute crystals or

spangles, which have a golden lustre. It has received its name
from a rare form of quartz which occurs in Spain and the Altai,

containing spangles of mica or other mineral. Artificial avantu-

rine is more beautiful than the natural mineral, and the method
of its manufacture is said to have been discovered by chance in

the 13th century by Briani in Venice. The artificial avanturine

was largely employed for the preparation of ornaments and

especially for Venetian Mosaic work. The details of its pre-

paration were long kept secret, and the process was only carried

out by a few of the highest Venetian families. In the year

1847 Pettenkofer 1
investigated the preparation of the antique

hsematine, an opaque red glass, and in the preparation of this

material he obtained by accident artificial avanturine. Many
not wholly successful attempts .have been made to determine

the exact conditions under which the avanturine is thus formed,

and the Venetian manufacture still maintains its supremacy.

Avanturine is a white soda-lime glass, containing an excess of

alkali, and coloured red by cuprous oxide, containing an enor-

mous number of minute spangles of metallic copper. According

to Hautefeuille, a green cupric glass is first prepared ;
to this

iron-filings are gradually added until it becomes red and opaque ;

heematine glass is thus formed, which is then well covered with

ashes, and allowed gradually to cool, when the artificial avaii-

turine glass is formed.

White and coloured enamel, largely used for the preparation

of thermometer scales, as well as Mosaic work, usually consists

of common flint-glass, which is intensely coloured with the

above-mentioned oxides and then poured on to the metal, to the

surface of which it adheres.

298 Touyhemd Glass. The fact that glass can be toughened

was discovered by De la Bastie. It is obtained by dipping glass

heated almost to redness into oil, also heated to 300, and

allowing it then to cool gradually. Sheets of glass are also

toughened by allowing them to cool between plates of heated

i
Dingl. Polyt. Journ. cxlv. 122.

81
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metal. The glass thus prepared is much less brittle, an I

"better able to withstand sudden changes of temperature than

ordinary glass. Table-glass thus toughened is not readily broken

when thrown on to the ground. If, however, it be thrown

from a great height or with great force, it breaks into fine

splinters. Although a crack may occur in a vessel of tough-

ened glass without the whole of the mass breaking np, yet it

cannot be cnt with a diamond
;
from this it would appear

that the molecules of toughened glass are in a molecular condi-

tion somewhat similar to those of the Eupert's drops.

299 Etching of Glass. The etching of glass with hydrofluoric

acid was known in the 17th century, but it is only recently

that this process has been employed for the decoration of glass,

and now etched glass is much used in place of the more ex-

pensive cut-glass. Gaseous hydrofluoric acid as well as many
soluble fluorides produce an opaque surface on glass, but the

surface of glass etched with liquid hydrofluoric acid presents,

according to the concentration of the acid, a more or less trans-

parent character. According to Tessie de Mothay and Marechal,

the best mode of obtaining opaque- or ground-glass by means of

hydrofluoric acid is to employ a bath made of 1000 parts of

water, 250 parts of crystallized double fluoride of hydrogen and

potassium, 250 parts of commercial hydrochloric acid, and 140

parts of potassium sulphate. This last salt renders the fluorides

of calcium and lead which may be formed less soluble, whereby

they are separated out in the crystalline form on the portions

of the glass which have been 'etched and thus tend to render

the surface more opaque.

POTTERY, PORCELAIN, AND EARTHENWARE.

300 The potter's art is one of the oldest in existence. The

Egyptians were well acquainted with the means of glazing ware

made of burnt clay, as well as with the art of enamelling in

colours. Amongst European nations the Etruscans were espe-

cially celebrated in early times for their proficiency in the

manufacture of painted pottery-ware, and in Pliny's time seve-

ral towns in Greece and Italy were well known for the beauty
and artistic taste of their vases, urns, and other pottery wares.
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Porcelain was not known to the Romans, although the
Chinese have manufactured it for ages, and the Egyptian tombs
contain remains of vessels made of a material closely allied to

porcelain. The art of glazing pottery with the oxides of lead

and tin was generally practised in Europe during the Middle

Ages, and we find a description of the process then adopted
in the writings of the alchemists Peter Bonus and Albertus

Magnus, at the beginning of the thirteenth century. In the

following century the potter's art made great strides. Agricola

published many receipts concerning this manufacture
; amongst

others, he states that not only a mixture of litharge with tin

oxide gives a good glaze, but that the former oxide may be

employed alone for this purpose.

Amongst those who have been most active in promoting the

progress of the ceramic art the name of Bernard Palissy stands

pre-eminent. Devoting himself with self-sacrificing assiduity

to the production of glazed and coloured faience, Palissy laid

the foundation of modern art pottery. His numerous writings,

published during the latter half of the sixteenth century, spread
a knowledge of his experimental methods throughout Europe ;

but his works L'art de terre et des terres d'argile are confined

to a description of the manufacture of earthenware
;

it was not

until the year 1709 that the method of making porcelain was

discovered by Botticher, and in the following year the celebrated

porcelain manufactory at Meissen, in Saxony, was established.

The mode of preparation of the Meissen porcelain was

naturally kept secret, and the King of Prussia instructed the

celebrated chemist Pott to determine the nature of the mate-

rials used, and he being unable to obtain any satisfactory

information respecting the materials there employed, was

obliged to investigate the properties of those substances which

might possibly be used in the manufacture, mixed in varied

proportions, and for this purpose Pott is said to have made no

less than 30,000 experiments. To these we are mainly indebted

for the establishment of the reactions which occur when various

minerals are heated, and much valuable information applicable

to the manufacture of porcelain was thus obtained. About the

same time Eeaumur endeavoured to determine the secret of

porcelain-making, and found that it is produced by the union

of two earths, one of which is fusible, whilst the other fuses

only at a very high temperature, so that by the firing of both

together a translucent mass is formed.
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His investigations were taken up in the year 1758, by Laura-

guais, D'Arcet, and Legay, in France, and by the help of

Macquer they succeeded in re-discovering the lost art of porce-

lain-making, and in the year 1769 the celebrated porcelain

manufactory of Sevres was founded.

Even up to the beginning of this century real porcelain was

a material of great rarity and value. At the present day, how-

ever, it is cheap, and employed for making the most ordinary

articles of every-day use.

301 Hard porcelain or True porcelain is distinguished by its

fine and hard translucent structure, and is with difficulty at-

tacked by chemical reagents. According to Emmerling's ex-

periments water and acids, even when boiled, have next to no

action on porcelain, and it is attacked by alkalis less powerfully
than glass, and hence in chemical and analytical operations the

use of porcelain is much to be preferred to that of glass. Por-

celain also stands rapid alteration of temperature without

cracking, and this property is one of extreme value to chemists,

whilst its beauty, and the fact that its surface is capable of

taking colours which will stand firing, render it of great im-

portance in the manufacture of objects of art. The principal
material of which porcelain is composed is kaolin or Ckina-clay,
an infusible plastic substance derived from the decomposition
of felspar or felspathic rocks. Pure felspar has the composition

(KNa) 2
Al

2Si6 16 , whilst pure kaolin is represented by the

formula H
2
Al

2
Si

2 8 + H
2
0. This substance is a distinct

mineral species, and frequently occurs crystallized in four- or

six-sided tablets belonging to the rhombic system. More com-

monly, however, it is found as a white or yellowish-white

amorphous mass, and contains a small quantity of ferric oxide,
or magnesia. Kaolin is found in China, near the Kauling
Mountains, whence its name is derived, and in other places.
In Europe the finest China-clay is found in Limoges, and it is

from this that the celebrated Sevres porcelain is made. Good

China-clay is likewise found in Cornwall, Saxony, various locali-

ties in America, &c. Ordinary clay consists of a mixture of

kaolin with calcium carbonate, magnesium carbonate, ferric

oxide, silica, and organic matter. The following table gives the

composition of some of the clays :
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302 When strongly heated, felspar fuses to a colourless glass,

owing to its containing alkaline silicates. Clay, however, only
bakes together under the influence of heat, forming a hard but

porous solid. It is to this property, and also to that of its forming
with water a plastic mass, that clay owes its employment in

pottery. In the manufacture of porcelain the infusible kaolin

is mixed with a frit, flux, or fusible material, consisting of a

fusible silicate. This on fusion penetrates into the pores of

the heated clay, producing a hard, homogeneous, translucent,

lustrous mass. The name porcelain is derived from a Portu-

guese word porcdlana, a shell which is similar in general

appearance to porcelain. The ordinary flux employed is felspar,

but sometimes quartz, chalk, or gypsum is added. The relative

amounts of these materials which are used depend upon the

nature and composition of the kaolin employed, and this varies

according to the locality in which it is found. The following

table gives mixtures employed in a few of the more important

manufactories :
*

Stvres. The materials employed in the manufacture of this

celebrated porcelain are always mixed in proportions which

give a mass having the following percentage composition :

Silica.

58-0

Alumina.

34-5

Lime.

4-5

Potash.

3-0

The ingredients which are employed in different years for the

1
Kuapp, Chemical Technology.
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production of this mass are, however, very different, as is seen

in the following table :

1836. 1837. 1843.

48-0

480

4-0

1000 100-0 100-0

Vienna. The ingredients used for the preparation of the

well-known Viennese porcelain were in 1815 as follows:

Passau kaolin, No. 1 , . . 101

No. 2 . , . Ill

Kaolin from Zettlitz ... 98

Quartz 18

Felspar 57

Lime 15

400-0

Nympheriburg. This porcelain is made without felspar, and is

a lime porcelain made of the following ingredients :

Passau Kaolin. Bodeninais Quartz. Marble.

100- 40 10 = 150.

When a mixture has proved to be successful each manufacturer

adheres strictly to his special receipt, not only because an altera-

tion in the proportions would render a different temperature

necessary for burning, but especially because this would also

entail a greater or less shrinking of the mass, for all clays, when
burnt in the kiln, undergo a certain amount of shrinking, and

this varies according to their composition. It is, however, ex-

tremely difficult so to arrange the materials that the shrinking
shall take place to the same extent in different mixtures

;
and

as the manufacturer has frequently to prepare his wares to

pattern, it is necessary to keep to one mixture. In the use

of felspar, quartz, or chalk the most important point to be

ascertained is their purity, whilst in the case of clay the
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determination of its fire-resisting power has also to be made.
On this subject Bischof and Richters

' have published elaborate

investigations, to which we must refer the reader.

The greatest care has to be taken in the thorough mixing of

the materials, and in obtaining them in a very finely-divided
state. For this purpose the clay is ground and levigated with

water, and the water got rid of by careful pressing through bags.
In this way the mass of porcelain clay is brought to the right
state of consistency. It is then well mixed by kneading, and
is allowed to remain for a considerable length of time in a moist

place, when the organic matter contained in the clay undergoes

putrefactive decomposition : this seems to increase the plasticity

of the mass
;
but the exact action which takes place under these

circumstances is not well understood. The material is then

either worked up on the potter's wheel, or brought into the

requisite shape by pressing into moulds, and the objects thus

prepared are allowed to dry at the ordinary temperature before

firing. True porcelain is glazed with a felspathic glaze, which

must be colourless, smooth, and have a glassy lustre. The com-

position of porcelain glaze is seen in the following table :

lOO'O 100

Before glazing, the porcelain requires to undergo a preliminary

process of baking, it being placed, for this purpose, in the upper

portion of the porcelain kiln. The fired goods are then dipped

into water containing the finely-divided glaze in suspension.

They are then dried and again exposed to a higher temperature

in the porcelain kiln, which consists essentially of a high rever-

beratory furnace. The flame and hot gases surround the earthen-

ware "seggars," or infusible crucibles, in which the porcelain

ware is placed to protect it from the smoke and direct action of

the flame. When the temperature has reached its maximum,

the kiln with its contents is bricked up, and the whole allowed

to cool very slowly. This annealing process is necessary, as the

glaze forms a true glass, and if the heated mass were quickly

1 C. Bischof, Dingl. Polyt. Journ.vol. clix. ccxi.; Richters, ibid. vol. cxci.

cxcvii.



METALS OF THE ALUMINIUM GROUP.

cooled the porcelain would be brittle from the unequal tension

of its different parts.

303 Painting on Porcelain is a branch of the art of glass-

staining, the only difference being that in the last case the colour-

ing matter is viewed by transparent light, whereas in the former

case the colours are seen by reflected light. The same sub-

stances are employed for painting upon porcelain as are used in

colouring glass. They are divided into two classes : (1) Those

which are not destroyed at the temperature of the porcelain

kiln, and can be painted on the ware below the glaze, these

are termed refractory colours, and include cobalt- blue, chrome-

green, the brown produced by oxide of iron or manganese,
chromate of iron, &c., and uranium black

;
and (2) those colours

which are injured when heated above a certain temperature,
these are termed muffle-colours, because they are fixed on the

ware by a separate firing at a lower temperature in a muffle and

not in the kiln. Muffle-colours are put on over the glaze. The

following substances are used as muffle-colours : oxides or salts,

such as iridium oxide, cupric oxide, cuprous oxide, chromate

of lead, silver chloride, purple of Cassius, &c,, and as flux for

these are employed, quartz or sand, borax or buric acid,

felspar, litharge and red-lead, nitre and the carbonates of potash
and soda.

304 Tender or Fritted Porcelain. This form of porcelain was

first prepared in 1695, by Morin in St. Cloud. The mass re-

sembles that of true china, but the glaze is much more fusible

than the felspathic glaze used for the latter material and it is,

therefore, less able to resist the high temperature of the porcelain

kiln than true china. This is the kind of porcelain specially

manufactured in England. The materials employed in this manu-

facture are : (1.) The mass or body composed of Cornish stone,

China-clay, or decomposed pegmatite. (2.) The frit or fusible

material used to bind together the China-clay. This consists of

bone-ash or mineral phosphate with, sometimes, the addition of

borax. (3.) The glaze is much more fusible than the mass and

consists of bone-ash, sand, borax, potashes, and lead oxide. The

difference in fusibility between the mass and the glaze consti-

tutes the main difference between fritted porcelain and true

porcelain. The following are mixtures in use for English
china :
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100 100 100 100-0

The glaze used for English table-ware consists of;

Cornish stone . . 34
Chalk .... 17
Ground flint . . 15

Borax .... 34

100

These materials are fritted, then ground and mixed with
10 per cent, of Cornish stone and 20 per cent of white-lead.

Parian or Oararra biscuit-ware is a white unglazed porcelain,
less fusible than ordinary tender porcelain and largely used for

the preparation of statuettes.

Stoneware is distinguished as fine and ordinary stoneware,
and is related to porcelain, inasmuch as it is also prepared from

clay fritted together with a flux, and therefore consists of a

homogeneous dense mass which is distinguished from porcelain

by its opacity, due to the fact, that the frit or fusible porcelain

is not dissolved throughout the mass as is the case with porce-

lain. The materials used are the plastic clays and pipe-clays,

found in large quantity in the coal measures, and these are

mixed with a felspathic glaze. The glaze employed sometimes

contains lead and borax. The frit is always contained in larger

proportion in stoneware than in porcelain, and hence it does not

require to be exposed to so high a temperature in the process

of baking. Stoneware is therefore a cheap and effective substi-

tute for porcelain, as it is produced at a lower cost and at

the same time can be more easily worked.

Semi-porcelain. This is a h'ne kind of stoneware, prepared

from a white plastic clay, to which ground quartz, or flint, or even

felspathic stone, is added in the requisite quantity. After tho

iirst burning it is porous and adheres to the tongue. It is then

glazed with a transparent glaze consisting of borax, quartz, soda,
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and oxide of lead. Semi-porcelain is made from an impure

clay, and the peculiar colour which it possesses is covered by
this white opaque enamel.

305 Earthenware. This material differs from the foregoing,

inasmuch as the mass, before glazing is porous and earthy.

Earthenware is made from a coloured plastic clay which, on

burning, forms a hard porous mass, and in order to diminish the

shrinking it is frequently mixed with marl. It is glazed by

throwing common salt into the kiln when the burning is nearly

complete. This is volatilized and decomposed by the aqueous

vapour and the products of combustion, with formation of hydro-
chloric acid and soda, which latter unites with the clay to form

a sodium aluminium silicate. Salt-glaze ware is largely used

for drain-pipes, pipes for conveying acid gases and liquids, and

for vessels for storing acids, as well as for ordinary domestic use.

Faience is an opaque, porous, generally soft body pottery,

always coloured, with either a glaze rendered white and

opaque by tin or sometimes by phosphate of lime (faience

dmailUe] or else having a transparent lead glaze. In this

latter case a slip of finer clay generally covers the coarse

body. It was known and manufactured in the 9th century

by the Arabians, and the knowledge of the manufacture passed
with the Moors into Spain, and established itself in the island

of Majorca, whence the name Majolica is derived, being the old

Tuscan name for this island. The same industry in Italy was
named faience from the name of the town of Faenze in the

States of the Church, where it was established in the 13th

century, and flourished until the 15th. In France, the manu-
facture was commenced by Bernard Palissy, in the 16th century.

306 Common Pottery Ware is made of the most impure forms

of clay, coloured brown-yellow or red with ferric oxide and other

oxides. In many cases it also receives an easil}
7 fusible lead

glaze obtained by mixing lead oxide, or even ground galena,
with the clay.

The various kinds of melting crucibles which are made of

clay have a special interest to the chemist. These require to

be made of material which will stand a very high temperature
without softening or breaking up, and capable of withstanding
rapid changes of temperature. The well-known Hessian

crucibles are made of a clay containing about 71 parts of silica,

25 of alumina, and 4 of oxide of iron, and this is mixed with

one-third to one-half its weight of quartz sand.
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INDIUM. In. = 113-4.

307 This metal was discovered in Freiberg zinc-blende in the

summer of the year 1863, by Reich and Richter, by means of

spectrum analysis.
1 Indium also occurs in other zinc-blendes,

although present only in very small quantity. In order to

prepare indium it is best to employ metallic zinc, such as

that from Freiberg, which, however, does not contain more than

0-1 per cent. The metal is treated with such a quantity of hydro-
chloric acid that a small portion remains undissolved, and when
the solution is allowed to stand for two or three days the whole

of the indium is found to be precipitated on the residual zinc.

The metallic powder is then washed off from the zinc, a few

drops of dilute sulphuric acid added in order to dissolve any
basic zinc chloride which may be formed, and the spongy metal

well washed with hot water, then treated with nitric acid, and

the acid solution, without filtration, boiled down with an excess

of sulphuric acid until all the nitric acid is driven off. The

solution is then filtered, the residue well washed, and a large

excess of ammonia added to the nitrate. The zinc, cadmium,

and copper then remain in solution whilst the whole of the

indium together with iron, lead, and a small quantity of zinc

cadmium, and copper remain behind. After well washing,

the residue is dissolved in a small quantity of hydrochloric

acid, an excess of hydrogen sodium sulphite added, and the

solution boiled until it does not any longer smell of sulphur

dioxide. A precipitate is thus obtained of indium sulphite,

which for further purification may be dissolved in sulphurous

acid
;
on boiling this solution the pure salt separates out,

2 and

this when strongly heated decomposes, leaving a residue of

indium oxide. The oxide can then be reduced to metal by

ignition in a current of hydrogen or by fusion with sodium.

The latter method appears to be the best suited for the prepara-

tion of large quantities. For this purpose the finely-divided

oxide is placed in layers in a crucible with thin slices of

sodium, the mixture pressed down and then covered with a

thick layer of anhydrous sodium chloride. The porcelain crucible

is next placed in a Hessian crucible provided with a cover and

1 Journ. Pract. Chem. Ixxxix. 444 ;
xc. 172 ;

xcii. 480.
s
Bayer, Ann. Chem. Pharm. clviii. 372.
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heated first gently and, as soon as the reaction is over, to a

moderate red-heat The brittle alloy which is then obtained is

boiled several times with water, washed with alcohol and ether,

and again fused under a layer of potassium cyanide. The

regulus is still not quite i'ree from sodium, and in order to

remove these traces it is thrown, in small pieces, into fused

carbonate of soda, and thus the metal is obtained in the

pure state.
1

Indium is a white non-crystalline metal, easily malleable and

softer than lead. Its specific gravity is 7*42, and its melting

point 176. It retains its metallic lustre in the air, and even

in boiling water. Heated on charcoal before the blow-pipe it

colours the flame blue, and gives an incrustation of the oxide.

It dissolves slowly in hydrochloric and dilute sulphuric acids,

but readily in nitric acid.

Indium Oxide, In
2 g, is a pale yellow powder, which on heating

becomes brown, but regains its original colour on cooling. After

ignition it dissolves only slowly in cold dilute acids, but quickly
when the acid is warmed.

Indium, Hydroxide, In(OH) 3 ,
is formed when ammonia is

added to a soluble indium salt. The hydroxide is thrown down
as a gelatinous precipitate, which on boiling becomes heavy and

dense, and when heated it is easily converted into the oxide.

When the oxide is heated in a current of hydrogen, a black

pyrophoric powder is obtained, which appears to contain the

lower oxide, InO.

SALTS OF INDIUM.

308 Indium Trichloride, InCl3. The metal burns at a dark

red-heat in a current of chlorine, evolving a greenish-yellow light

with formation of the chloride. The same compound is easily

formed by heating oxide, mixed with charcoal, in chlorine, when
it sublimes in the form of soft colourless plates. It is extremely

deliquescent, and dissolves in water with a hissing noise and

evolution of heat. On evaporating the solution an insoluble

basic salt is obtained. The vapour-density of Indium trichloride

has been found by Victor Meyer to be 7'78, corresponding to

the formula InCl3 .

Indium Dichloride, InCl,, is obtained as a white radiating

crystalline mass by heating the trichloride in a current of hydro-
1
Winkler, Journ. Pratt. Client, cii. 273.
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chloric acid. The vapour density of the dichloride has been

shown by Nilson and Pettersson 1 to be 6'36 corresponding to the

above formula. This compound is decomposed by water with

formation of the trichloride and separation of metallic indium
;

SlnCl2
= InCl

3 + In.

Indium, Monochloride, InCl, was prepared by the above-named

chemists by distilling the vapour of the dichloride over the

requisite amount of metallic indium when combination takes

place, and the monochloride is obtained in the form of a blood-

red liquid which can readily be vaporised. Its vapour density

was found to be 5*14. The monochloride undergoes a similar

remarkable decomposition to the dichloride when brought into

contact with water, the trichloride and metallic indium being

formed
;
3lnCl = InCl3 + In

2
.

Indium also combines with bromine and iodine when heated

in the vapours of these elements. The tri-bromide closely re-

sembles the chloride, and the tri-iodide is a yellow crystalline

mass, which on heating melts to form a reddish-brown liquid.

Indium Sulphite, In
2(SO3)3+4H2O. This is a crystalline

powder, the preparation of which has been already described.

It dissolves easily in aqueous sulphurous acid, and separates out

on evaporation in distinct crystals.

Indium Sulphate, In 2(SO4) 3 ,
is obtained by the careful

evaporation of a solution of the oxide in an excess of sulphuric

acid, in the form of a white powder very soluble in water. On

strongly heating it is converted into an insoluble basic salt.

On evaporating the acid solution under the desiccator, deli-

quescent crystals of the acid salt having the composition

H
2In,(SO4)4+ 8H2O are deposited.

Indium-Ammonium Alum, In
2(SO4)3+ (NH 4)2SO4+ 24H

2O,

is deposited in well-defined regular octohedrons, whicli dissolve

at 16 in half their weight, and at 40 in about a quarter of

their weight of water and melt at 36
C

.
2 If a solution be

allowed to crystallize at this temperature crystals of the hydrate,

In.,(SO4)3+ (NH4) 2
S04+8H20, separate out.

Potassium and sodium form analogous hydrates. The corre-

sponding alums (containing 24 molecules of water) have not been

obtained with indium and the fixed alkalis.

Indium Nitrate, 2In(NO3)8+ 3H2O, forms deliquescent needles

Chem. Soe. Tran*. 1888. 814.

Bossier, Journ. Prukt. Chcm. [2], vil 14,
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soluble in both water and absolute alcohol. These on heating

are easily converted into a basic salt.

Indium Sulphide, In2
S
3. Indium and sulphur combine together

at a temperature near redness, with evolution of heat, to form a

brown infusible mass. Sulphuretted hydrogen passed into a

solution of an indium salt which is not too acid or too con-

centrated, precipitates yellow indium sulphide, which on heating

with sulphide of ammonium is converted into the white hydro-

sulphide.

DETECTION AND ESTIMATION OF INDIUM.

309 The indium compounds are distinguished inasmuch as

when moistened with hydrochloric acid they tinge the non-

luminous gas-flame a dark-blue colour. The spectrum consists

of an intense indigo-blue line, Ina w.l. 4509, and a less intense

violet line, In/9 w.l. 4101. It is from the above reaction that

the metal derives its name.

Zinc precipitates metallic indium from solutions of its salts.

Caustic soda and potash precipitate the hydroxide, which partly

dissolves in an excess, but is completely deposited again on

boiling; it is insoluble in ammonia. This reaction is employed
for the separation of indium from the other metals, as is also

the formation of the insoluble hydrogen sulphite, as has already
been described, and the fact that sulphide of indium is insoluble

in dilute acids.

The atomic weight of indium has been determined by Reich

and Richter, as well as by Winkler 1 and Bunsen,
2
by converting

the metal into the oxide. By dissolving in nitric acid and

heating the nitrate, Winkler obtained the number 113'3, whilst

Bunsen obtained the number 113 47.

GALLIUM. Ga. = 6g-8.

310 This metal was discovered in 1875 by M. Lecoq de

Boisbaudran 3
by means of spectrum analysis. He found the

new element in the zinc-blende of Pierrefitte in the Pyrenees
and patriotically gave to it the name which it now bears. It is

also found in the blende from other localities. Thus a yellow

1 Jahrcsb. 1867, p. 260.
a

Porjg. Ann. cxli. 1.
8
Compt. licnd. Ixxxi. 493 and 1100.



GALLIUM AND ITS SALTS. B03

transparent blende from Asturias and a black blende from

Bensberg contain it; and that from Bensberg, although the

richest, contains only 16 mgr. of gallium per kilo. Alf other
zinc ores which have been tested for gallium have either

yielded negative results, or have contained mere traces of the
new metal.

In order to prepare gallium, the ore according to. its physical
character is dissolved either in aqua-regia, hydrochloric acid,
or sulphuric acid, and the solution decomposed by means of

metallic zinc. The precipitate thus thrown down, which contains

most of the foreign metals present in the blende, is then treated

with hydrochloric acid, and the liquid again precipitated with
zinc in the cold. As soon as the evolution of hydrogen becomes

feeble, the solution is poured off from the precipitate and
saturated with sulphuretted hydrogen, the precipitate filtered

off, the excess of sulphuretted hydrogen driven off, and the

liquid fractionally precipitated with sodium carbonate in the

cold until the precipitate thrown down no longer exhibits the

gallium line when examined with the spectroscope. It is then

dissolved in sulphuric acid, gently evaporated until the excess of

sulphuric acid is almost completely removed, the residue treated

for some time with cold water, and the solution diluted with

water, then heated to boiling, when basic gallium sulphate

separates out, which must be filtered off whilst hot. This pre-

cipitate is dissolved in a small quantity of sulphuric acid
;
to

this liquid a slightly acid solution of ammonium acetate is

added, sulphuretted hydrogen passed through to saturation, the

solution filtered, and the filtrate, diluted with water, heated to

boiling, the precipitate which forms being washed with boiling

water. This is then dissolved in a small quantity of sulphuric

acid, a slight excess of alkali added, and the alkaline solution

submitted to electrolysis. Metallic gallium is thus deposited on

the platinum pole, and in order to obtain it in the perfectly pure

state it is treated with warm dilute nitric acid free from chlorine.

Sixty-two grms. of gallium were exhibited in the Paris Ex-

position of 1878, having been prepared from 2,400 kilos, of

blende by Lecoq de Boisbaudran and Jungfleisch.
1

Metallic gallium possesses a bluish-white colour, and has the

remarkable property of fusing at 30'l. The molten nu-tal

possesses the colour of silver, and remains liquid t'"r m-my
weeks at the ordinary temperature, and even when exposed to

l
Campt. Ucnd. IxxxvL 476.
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0. If, however, the globule be touched with a small fragment

of solid gallium it at once solidifies forming pyramidal crystals,

probably belonging to the monoclinic system.

Gallium is tough, and may be cut with a knife
;
the molten

metal, when brought on to glass, covers the surface with a bright

mirror-like deposit, and oxidizes on exposure to the air. It is not

volatile at a red-heat, and only a thin film of oxide is formed on

the volatile surface. Its specific gravity is 5 '9, and its specific heat

0*080. It is easily soluble in dilute hydrochloric acid and caustic

potash with evolution of hydrogen. It is scarcely attacked by
dilute nitric acid in the cold, but on heating it slowly dissolves

with evolution of red vapours. If a neutral solution of gallium
chloride be wrarmed with zinc, gallium oxide or a basic salt

separates out.

Gallium Oxide, Ga
2
O3, is a white precipitate insoluble in

water, but readily soluble in potash, and somewhat less so in

ammonia.

SALTS OF GALLIUM.

311 Gallium Trichloride, GaCl3
. Like aluminium, but unlike

indium, gallium yields the trichloride when heated in hydrogen

chloride, long needle-shaped crystals being deposited in the tube

close to the flame. It is a very deliquescent substance, and dis-

solves in a small quantity of water to form a clear liquid, which

on the further addition of water becomes turbid from deposition
of a basic salt. The vapour density of gallium chloride has been

found by Friedel as well as by Nilson and Pettersson x to be

5'14. This corresponds with the formula GaCl3.

Gallium Dichloride, GaCl2 , when melted forms a limpid re-

fractive liquid which solidifies on cooling. The specific gravity
of its vapour is 4'8 at 1000, corresponding to the formula

GaCl2
.

Gallium sulphate is also very soluble, but non-deliques-
cent. It combines with sulphate of ammonium to form an

alum Ga
2(S04)3 + (NH4) 2

SO4 + 24H
2O, which crystallizes in

combinations of the cube and octohedron. If its solution be

boiled a precipitate is produced consisting probably of basic

sulphate. Gallium nitrate is also a' soluble well crystallizable

salt.

1 Chem. Soc. Trans. 1888, 822.
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Aurous cyanide, ii., 381
Aurous iodide, ii., 379
Aurous salts, ii., 379
Aurous thiocyanate, ii., 382

Australia; production of tiu in, ii., 232;
gold-fields of, 362 ; gold discovered by
Count Strzelecki, ib. ; Sir Roderick
Murchison's judgment on the Count's

nuggets and specimens, ///.
;

further

discoveries, 363
; quantities produced

in New South Wales from 1851 to

1874, ib. in Victoria, 1851 to 1863,

3<>4, 365 ; large nuggets, ib. ; analyses
of native gold, ib.

Autotype printing process, ii., 172

AzuritY, i., 342

BABBIT'S metal, ii., 308.

Bacon, Roger ; gunpowder, i., 81 : deton-

ating powder, il>.
; powder of fusion,

cr Baumc's quick flux, ib.

Ban, a, island of
; tin ores, ii., 232, 236

Bank of England, assay of gold, ii
, 387

B:irff
; protection of iron from rust, ii.,

32
Barium ; its history, i., 208 ; sources, 209

;

preparation of the metal, ib. ;
its salts,

222 ; d-.'tection and estimation of, 229
;

atomic weight, 230
Barium aluminate, i., 446
Ririum and oxygen, i., 220
Barium and sulphur, i.. 227
Barium carbonate 1

, i., 227
Barium chlorate, i., 224
Barium chloride, i.. 222
Barium eliminate, ii., 173
Barium dioxide, i., 221
Barium disulphate, i., 22<i

Barium dithionate, i. , 226
Barium ferrate, ii.. 91

Barium frrrocyanidr. ii.. 108

Barium hydrosulphide, i., 22 *

Barium hydroxide, i., 220
Barium iodate. i.. 221

Hai-ium iridicyanide. ii.. 1 I
s

Barium metatungstate. ii.. 212

Barium molybdate, ii., 195

Barium monosulphide, i.. 227
Barium monoxide, i., 22')

Barium nitrate, i.. 22(i

Barium 'osmiocyanidi-. ii.. l
1 ^

Barium peutasulphiele, i., 22.y<

Barium platinocyanide, ii.. Us
liarium platinonur.te. ii.. 1*17

Barium potassium terrocyanide, ii., 1QS
Barium, silicates of, i., I'i'iJ

Barium silicotluoride. i., 227
Barium sulphate, i.. 221
Barium tetrasulphide-, i.. 22*
Barium thioantimonate, ii.. :;2l

Barium irisulphide-. i.. 2:>
]{arium tungstatc, ii.. 212
Barrow Hematite Steel Company, blast

furnace, ii., 49

Barjta, i., 220
Basic lead chromate, ii., 175
Baume'.s quii'k flux, i., 81

Becquerel ; protection of iron from rust,

ii., 32

Beetroot, rubidium in, i., 166
; prepara-

tion of potassium from, ib.

Beetz; on passive iron, ii., 33

Beguiu ; volatile sulphides of ammonia,
i., 185 ; fulminating guld.ii., 878

Belgian process for the preparation of

zinc, i., 254

Bell-metal, ii., 239

Bergman; on acids, i., 33 ; his investiga-
tions on manganese, ii., 2; on iron and
steel, 66; iron and phosphorus, 121 ;

cobalt, 127; nickel, 143; molybdenum.
184

; bismuth, 330 ; fulminating gold,
379 ; platinum, 389

Berlin, analysis of bronze statue of Bac-
chus at, ii., 239

Berthollet ;
on acids, i., 33

; fulminating
silver. 68; chlorate of potash, 70, 71 ;

iron anel steel, ii., 66 ; oxieles of irou,
85 ; iron and cyanogen, 104

Beryl, i., 233, 458

Beryllia, i., 233

Beryllium (or glucinum), its history, i.,

231; beryllium oxide, 2:!3 ; salt's ot'

beryllium, 234; detect ion and estimation

of the metal, 235 ; atomic weight, 236.

Beryllium aluminate, i., 446

Beryllium, carbonates of, i., 235

Beryllium chloride, i., 234

Beryllium hydroxide, i., 234

Beryllium nitrate, i., 234

Beryllium oxide, i., 233

Beryllium, phosphates of, i., 235

Beryllium, sulphates of, i., 21! I

Ber/.elius; constitution of salts, i.. ;jti ;

extraction of lithium salts, !">> : lead

nitrite. 2!N>; meteoric iron, ii.. 2! ; inn
ami cyanogen, 1(U, 1 12 ; atomic weight
of iron. 12<>: /irconium, 2<!7 : tho-

rium, 272 ; vanadium, 277; vanadate-,

l"-.| ;
auric chl.iiide. :t,*2: rhodium, 11.2

Bessemer; steel process, ii., C!l 7:,; ap-

plication of the spectroscope to the

Bessemer tlame, 7i I c<iiii|>oxjt loll of

Be^emer-llletal and Besvrli,.

Bicarbonate of soda, nianuta -ture ot, i..

153
Bichromate of potash, ii., 170
Bioi's process of extracting gold by mer-

cury, ii.. ::'!!

Bismuth, ii.. :;:'." :ni : metallic. :::tn :

metallurgy ol. ::::l ; d ; stribut ien e.f
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ores, ii., 330332 ;
total production of

bismuth, 331 ;
commercial analysis of,

332, 333; native, ib.; properties of,

333 ; its uses, 334 ; detection and esti-

mation of, 343 ;
atomic weight, 344

Bismuth alloys, uses of, ii., 334
Bismuth and oxygen, ii., 335

Bismuth and sulphur, ii., 341

Bismuth arsenate, ii., 340
Bismuth carbonate, basic, ii., 340
Bismuth chlorsulpliide, ii., 342

Bismuth, chromates of, ii., 340

Bismuth dichloride, ii., c35

Bismuth dioxide, ii., 335
Bismuth disulphide, ii., 341

Bismuth nitrate, basic, ii., 338 ;
its medi-

cinal and other uses, 339
Bismuth orthophosphate,ii., 340
Bismuth oxyiodide, ii., 338
Bismuth pentoxide, ii., 341
Bismuth silicate, ii., 340
Bismuth tetroxide, ii., 341

Bismuth thioxysulphide, ii., 342
Bismuth tribromide, ii., 337
Bismuth trichloride, ii., 336
Bismuth trifluoride, ii., 338
Bismuth trihydroxide, ii., 33<i

Bismuth tri-iodide, ii.; 337
Bismuth trinitrate, ii., 338
Bismuth trioxide, ii., 336
Bismuth triselenide, ii., 342
Bismuth trisulphate, ii., 338
Bismuth trisulphide, ii., 342
Bismuth tritelluride, ii., 342.

Bismuthic acid, ii., 341
Black-ash process, in the manufacture of

alkali, i., 133
;
manufacture of salt-

cake, 142
; analysis of black-ash, 147,

148 ;
lixiviation of, 148

" Black-band "
iron-stone, ii., 41 ; analysis

of, 43

Blask-lead, ii., 183
Black tin, ii., 235
Blanc fixe, i., 225
Blast furnaces (see Furnaces)
Bleaching-powder, manufacture of, i.,

194200
;
Deacon's process, 199

Blicksilber, ii., 331

Blister-copper, i., 314

Blister-steel, ii., 68
" Bloom " of iron, ii., 44

;

"
bloomery

forges," ib.

Blue-billy iron ore. ii., 83
Blue John (fluorspar), i., 193
Blue oxides of molybdenum, ii., 196
Boerhave

;
constitution of salts, i., 35

Bolas
;
ferrous disulphate, ii., 96

Bolivia ; tin ores of, ii., 232 ; analysis of

native gold, 365

Bone-phosphate, i., 205
Bononian phosphorus, i., 228
Borates of lead, i., 291

Borax, its history and sources, i., 126, 128
Borax glass, i., 127
Bottle glass, i., 466, 469

Boyle ;
his definition of acids, i., 33 ; con-

stitution of salts, 35 ; normal potas-
sium sulphate, 74; volatile sulphides
of ammonia, 185 ; zinc, 251

; copper,

310
;

action of nitric acid on tin, ii.,

245
;
reduction of metallic antimony,

304
;
bismuth nitrate, 338

Brandes
;
nickel alloys, ii., 146

Brandt
; cobalt, ii., 126

Brass, i., 326
Brass coated with antimony, ii., 308
Brazil ; meteoric iron in, ii., 29 ; gold in,

361
Brewster, Sir David

;
his monochromatic

lamp, ii., 468
Brine (see Salt)

Britannia-metal, analyses of, ii., 307, 308
Bromauric acid, ii., 384

Bromides, i.. 48
Bromine and antimony, ii., 319
Bromine and tungsten, ii., 20IJ

Bromine and vanadium, ii., 293

Brom-molybdic fluoride, ii., 187

Brom-molybdic hydroxide, ii., 186

Brom-molybdic sulphate, ii., 187

Bronze; tungsten-potassium, ii., 213; tung-
sten-sodium, ib. ;

an analysis of ancient
coins and statues, 238, 239

;
of bronze

statue of Germanicus, il>. ; of Tlior-

waldsen's Shepherd, ib.
; of statue of

Bacchus at Berlin, ?'//.; of statue of

Lessing, Brunswick, ib.

Bronze
; vanadium, ii., 254

Brunner
; preparation of metallic potas-

sium, i., 57 ; metallic sodium, 104 ;

metallic manganese, ii., 4
Bunsen ; composition of gunpowder, i.,

60 ; spectrum-reaction of sodium, 155
;

lithium, 158, 159; cajsium, 169; ii.,

465, 469
; rubidium, 164 ; barium, 219 ;

chromium trioxide, 169 ; oxides of

antimony, 311 ; preparation of pure
palladium, 423

Bunsen and Kirchhoff ; their discoveries

by spectrum analysis, ii., 469, 473
Butter of zinc, i., 260 ; of tin, ii., 247 ; of

antimony, 316

Butterley ; iron-stone, analysis of, ii., 43

C.

CADET, salsnla soda, i., 104
Cadmium ; its history, i., 265

; sources,
266

;
salts of cadmium, 267 ;

detection
and estimation of, 269

;
atomic weight

ib.

Cadmium amalgam, i., 395
Cadmium carbonates, i., 268
Cadmium chloride, i., 267
Cadmium hydroxide, i., 267
Cadmium iodide, i., 268
Cadmium nitrate, i., 268
Cadmium oxide, i., 267
Cadmium sulphate, i., 268
Cadmium sulphide, i., 268
Caesium ; its history, i., 169 ; sources, 170 ;

salts of cjesium, 171 ;
detection and esti-

mation, ib.; atomic weight, 175; the

spectroscope in its discovery, ii., 465S

469
Caesium carbonate, normal, i., 171
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Caesium chloride, i., 171
Caesium hydroxide, i., 171
Caesium nitrate, i., 171
Ciesium platinichloride, ii., 406
Caesium sulphate, normal, i., 171
Cailletet ; liquel'astion of oxygen, ii., 521 ;

his apparatus for liquefying gases, 523
Calcination of iron ire, ii., 42
Calcined magnesia, i., 240
Calcium ; its history, i., 187 ; sources, ib.\

preparation of the matal, 188
; its

salts, 191 ; dete3tion and estimation,
211 ; atomic weight, 213

Calcium and oxygen, i., 189
Calcium and sulphur, i., 210
Calcium broinide, i., 192
(

'

ilciuin carbonate, i., 206
Calcium chlorate, i., 193
Calcium chloride, i., 191
Calcium dioxide, i., 191
Calcium disulphide, i., 211
Calcium ferrocyanide, ii., 108
Calcium fluoride, i., 192
Calcium hydroxide, i., 190
Calcium hypophosphite, i., 206
Calcium iodide, i., 192
Calcium magnesium chloride, i., 242
Calcium molybdate, ii., 195
Calcium monosulphide, i., 210
Calcium monoxide, i., 189
Calcium nitrate, i., 204
Calcium orthophosphate, normal, i., 205

Calcium, phosphates of, i., 205
Calcium phosphide, i., 211
Calcium potassium sulphate, i., 204
C-ilcium pyrovauadate, ii., 287
Calcium silicates, i., 206
Calcium sodium sulphate, i., 204
Calcium sulphate, i., 202
Calcium sulphite, i., 202
Calcium thiosulphate, i., 204
Calcium titanate, ii., 260
Calsium titanosilk-ate, ii., 260
Calcium timgstate, ii., 201, 212

Calc-spar, i., 187, 206
Calico dyed with chrome-yellow, ii., 175

Calico-printing
1

, potassium chlorate em-

ployed in, i., 72

California; discovery of gold in, ii.,

361 ;
alluvial washings and true gold-

mining, 302
;
statistics of production,

il>. ; analysis of native gold, 365 ; hy-
draulic gold-mining described by Prof.

Silliman, 3(>t>

Cammack and "Walker; salt-cake pro-

cess, i., 141

Caoutchouc, mode of vulcanising, ii., 322

Carbon in pig-iron, ii., 70 72
Carbonate of ammonia, commercial, i., 181

Carbonates of ammonium, i., 181

Carbonates of beryllium, i., 235
Carbonates of cobalt, ii., 133

Carbonates of copper, i., 342
Carbonates of lead, i., 291

Carbonates of magnesium, i.. 246
Carbonates of mercury,!., 408

Cirbonates of sodium, i., 130

Carbonates of zinc-, i.. 2<i::

Carbonyl chloroplatinitcs, ii., 402

Carius; iron and hydrogen, ii., 84 ;
ferrous

iouide, 93

Carnallite., i., 241
Carrara biscuit-ware (porcelain), i., 497
Carthusian pow.lt r. iioudre des ( 'har-

treux,"
" Alkermes mineral

"
< antimony

sulphide), ii.,321

Casciorolus, ; barium, i.. 21 s

Case-hardening steel, ii., >3

Cassiterides (the Critish Islands), early
production of tin, ii., 230

Cassius, purple of, ii., 374

Cast-iron, ii., 33 ; manufacture of, 45
59 ; the blast-furnace, 45 ; varieties

of, 56 ;
manufacture of cast-steel in>m,

69
;
Bessemer process, ib.

Cast-manganese, ii., 4
Cast-steel, ii., 69
Catalan forge for smelting iron, ii., 44
Caustic potash, i., 63 ;

its properties, 64
Caustic soda, i., 108 ; manufacture of, 150
Caustic strontia, i., 214
Celestial chemistry, spectrum analysis,

ii., 465
Celtic arrow-head, analysis of, ii., 239
Cementation steel, )i., 67 ; analysis of, 68

Cements and mortars, i., 209
Ceric nitrate, i., 430
Ceric salts, i., 430
Ceric sulphate, i., 430
Cerium and oxygen, i.. 428
Cerium dioxide, i., 423
Cerium group of metals, i., 23, 418 ; pre-

paration of cerite metals, 421

Cerium, its history and properties, i., 427

Cerium sesquioxide, i., 428

Cerium sulphide, i., 430
Cerous bromide, ?., 429

Cerous carbonate, i., 430
Cerous chloride, i., 429

Cerous fluoride, i., 429
Cerous iodide, i., 4'29

Cerous nitrate, i., 429
Cerous phosphate, i., 430

Cerous sulphate, i., 429

Cerusite, i., 291
" Chameleon, mineral," ii., 18

Chemical analysis; application of the

spectroscope to, ii., -I
s

' 1

CnemicaJ compounds, spirtnv of, ii., 470

Chenevix ;
his paper on palladium, ii.,

422
Ch-shire: snlt-b-ils at Northwich and

AVJnsford, i.,110

Chevillot mid Edward*; researches on

manganic acid, ii., 18, 19

Chili saltpetre, i.. 7!'

Chinese gong, analysis of, n., 239

Chlorate of potash, manufacture of, i., 71

Chlorates, i.. :,n

('liloraurir ai-i.l. ii.. :'>-'.'

Chlorides, i., 48

Chlorides of inolyMeiuim. ii., 185

Chlorimetry, i., 2m
Chlorine and antimony, ii.. 31ti

Chlorine and tungsten, ii., 2<>-'

Chlorine and vanadium, ii.. 2!>3

Chlorine gu, odd nftnbg to, &, 871
rhlur.M-hromatts, ii.. 177, 179
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Chloromolybdic bromide, ii., 186

Chloroplauitic acid, ii., -403

Chloroplatlnites, ii., 403
Chromammonium thiocyanates, ii., 167

Chromates, ii., 170 ;
constitution of, 179

Chromates of bismuth, ii., 340

Chrome-alum, ii., 165
Chrome-iron ore, ii., 162, 171 ;

valuation

of, 182

Chrome-yellow, ii., 174
Chromic bromide, iL, 164
Chromic chromate, ii., 176
Chromic chloride, ii., 163
Chromic compounds, ii., 160
Chromic cyanide, ii., 166

Chromic fluoride, ii., 164
Chromic hydroxides, ii., 161
Chromic nitrate, ii., 165
Chromic oxide, ii., 160
Chromic phosphates, ii., 166
Chromic salts, ii., 163 .

Chromic sulphate, ii., 164

Chromic thiocyanate, ii., 166

Chromites, ii., 162

Chromium, ii., 157183; metallic, 158;
chromium ste 1, ib. ; detection and es-

timation of, 181
;
atomic weight of,

183
Chromium and nitrogen, ii., 180
Chromium and oxygen, ii., 159
Chromium and phosphorus, ii., 181
Chromium and sulphur, ii., 180
Chromium group of metals, i., 23 ; ii., 157

229
Chromium hexfluoride, ii., 178
Chromium monoxide, ii., 159
Chromium nitride, ii., 180
Chromium oxychloride, ii., 177
Chromium persulphide, ii., 180
Chromium sesquioxide, ii., 160
Chromium sesquisulphide, ii., 180
Chromium sulphide, ii., ISO
Chromium trioxide, ii., 168
Chroinoso-chromic oxide, ii., 162
Chromous acetate, ii., 160
Chromous bromide, ii., 159
Chromous carbonate, ii., 160
Chromous chloride, ii., 159
Chromous compounds, ii., 159
Chromous cyanide, ii., 160
Cnromous hydroxide, ii., 159
Chromous phosphate, ii., 160
Chromous sulphate, ii., 159

Chromyl chloride, ii., 177

Cimvibar, i., 409
Classification of metals, i., 22
Cliius ; rhodium, ii., 432 ; ruthenium, 449,
456

Clay ironstone, ii., 41
; analysis of, 43

Cleveland (Yorkshire) ; iron ore, analysis
of, ii., 43 ; blast-furnaces, 51

Coal-furnaces for smelting iron, ii., 55

Cobalt, ii., 126 143 ; treatment of ores,
127 ; preparation of metallic cobalt, ib.

Cobalt arsenide, ii., 141
Cobalt bromide, ii., 130
Cobalt chloride, ii., 130
Cobalt fluoride, ii., 131
Cobalt iodide, ii., 131

Cobalt monosulphide, ii., 140
Cobalt monoxide, ii., 128
Cobalt nitrate, ii., 131
Cobalt sesquioxide, ii., 129

Cobalt-speiss. ii., 331
Cobalt sulphate, ii., 131

Cobalt ultramarine, ii., 133
Cobaltamine salts, ii., 135
Cobalt and arsenic, ii., 141
Cobalt and oxygen, ii., 128
Cobalt and phosphorus, ii., 141
Cobalt and sulphur, ii., 140
Cobaltic hydroxide, ii., Ii9
Cobaltic oxide, ii., 129
Cobaltic salts, ii., 133

Cobalticyanic acid, ii., 140
Cobalti cyanides, ii., 140
Cobaltous hydroxide, ii., 128
Cobaltous oxide, ii., 128
Cobaltous salts, ii., ii9
Cobaltous-cobaltic oxide, ii., 128
Cobaltous cyanide, ii., 133

Coffee, rubidium in, i., 166

Coins, ancient bronze, analysis of, ii., 239
Coins of copper-nickel, S KISS, American,

Belgian, German, and West Indian,
147 ; ancient Bactrian coin, ib.

Coinage, geld, refining, ii., 371 ; standards
of fineness, English and foreign, 375

Coinage of platinum at St. Petersburg,
ii., 393

Coke-furnaces for smelting iron, ii., 55
Cold-short iron, ii., 63

Collodial molybdic acid, ii., 193

Cologne-yellow, ii., 174
Coloured glass, i. 4S5

Columbite, analyses of,ii., 347
Common salt, i., 110

Compounds, molecular he-it of, i., 20
Condensation of the so-called permanent

gases, ii., 516
Conductive power of metals, for heat
and electricity, i., 13

Condy's disinfecting liquid, ii., 23
Converter gases in the manufacture of

steel, ii., 76

Copper amalgam, i., 395

Copper, ammoniacal compounds of, i.,

339

Copper and arsenic, i., 345

Copper and hydrogen, i., i37

Copper and oxygen, i., 328

Copper and phosphorus, i., 344

Copper and nitrogtn, i., 344

Copper and sulphur, i., 343

Copper, arsenates of, i., 341

Copper arseuite, i., 341

Copper, carbonates of, i., 342

Copper chrornates, ii., 175

Copper dichromate, ii., 175

Copper dioxide, i., 331

Copper ferrocyanule, ii., 109

Copper group of metals, i., 22, 3A9 : its

history, 309 ; sources, il>. ; copper-smelt-
ing, 310, 319322; its proptrtics,
322; uses, 323; electrotyping pro-
cesses, 324 ; copper alloys, 3'_6 ;

salts of

copper, 331 ; detection ami estimation

of, 345 ; atomic weight of, 346
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Copper hemioxide, i, 329

Copper in iron, ii., 65

Copper monoxide, i., 330

Copper nitrate, i., 340

Copper nitride, i., 344

Copper orthovanadate, ii., 288

Copper oxychloride, i., 335

Copper, phosphates of, i., 340

Copper pyrovanadate, ii., 288

Copper, silicates of, i., 341

Copper sulphate, i., 330'

Copper tetrantoxide, i., 328

Copper-tin alloys, ii., 238
Corduriu's process for desilvering lead,

i., 278
Cornwall ; gold in, ii., 361

Cornwall; tin mine's of, ii., 232

Cort, Henry; inventor of the. puddling
process for wrought-iron, ii., 61

Croceo-cobaltic chloride, ii., 139
Croceo-cobaltic salts, ii., 136
Crocus antimonii, ii., 325
Crocus martis, ii., 85
Cronstedt ; nickel, ii., 143

Crown-glass, i., 466, 469

Crucibles, platinum, manufacture of, ii.,

392 ;
mode of cleaning, 400

Cryolite, soda manufactured from,i., 153

Crystal,!., 466,470
Crystalline form of metals, i., 12

Cupric bromide, i., 336

Cupric chloride, i., 334

Cuprk- chloride, basic, i., 335, 336

Cupric fluoride, i., 336

Cupric hydroxide, i., 331

Cupric nitrete, i., 340

Cupric oxide, i., 330

Cupric pho phide, i., 345

Cupric salts, i., 334

Cupric sulphate, i., 336

Cupiic sulphide, i., 343

Cuprous bromide, i., 333

Cuprous chloride, i., 332

Cuprous cyanide, i., 334

Cuprous fluoride, i., 333

Cuprous hydroxide, i., 330

Cuprous iodide, i., 333

Cuprous oxide, i., 329

Cuprous phosphide, i
,
344

Cuprous salts, i., 331

Cuprous sulphide, i., 343

Cuprous sulphite, i., 333

Cuprous thiocyanatc, i., 334

Cyanaurin acid, ii., 3S4

Cyanide of zinc, i., 263

Cyanides, i.,
49

Cyprus; copper derived from, i., 309

DAGrEERKOTTPE, i., 380

Damescening steel, ii., 83

Damover ; composition of meteoric iron,

ii., 29

Daniell; constitution of salts, i., 37

] )auhree :
r'ei lie <>\i<l', ii., >

S 7

Davy, Sir H. ;
on acids, i.. :-:\ ; dis.-ovrry

of potassium, 55; metallic sodium,

103, 104, 106; ammonium wilts, 173;
strontium, 213; barium, 2l!: magni-
sium, 237 ; properties of platinum, ii.,

Deacon's bleaching-powder process, i_

199; salt-rake fruare. Ill

Decipium, aid of the spectroscope in its

ilivovt ry, ii., l:i">

De la Rue, "\Varreu; electrotyi ing, i-

824
Del Rio; discovery of vanadium, ii., 277,

288; rhodi-im, -132

Desilverizatiou, i
, 277

Dt tonutiug powder, i., 81
Deville and Debray ; preparation of me-

tallic manganese, ii., 3; ferric oxide,
.
S 7 ; ferrous phosphate, 07: processes
for the manufacture of platinum, 3!>1,

393, 394; preparation of p: re pla-

tinum, 3!)5; indium refining, 4M ;

standard meter, measures for tlie Pa-
risian Commission, '//.. 440; iridimu

sesquioxide, 442
; preparation of ru-

thenium, 449
; preparation of pure

osmium, 4">7

Deville and Troost ; ferric chloride, ii.,

98
Devitrification of glass, i., 483
Dichro-;obaltic chloride, ii., 135

Didyinium,i.,4;;2
Didymium bromide, i., 432

Didymium carbonate, i., 432

Didymium chloride, i., 432

Didymium nitrate, i., 432

Didymium oxide, i., 431

Didymium sulphate, i., 432

Didymium sulphide, i., 432

Di-hydrogen ammonium phosphate, i.,

180

Di-hydrogen sodium orthphosplmte, i.,

121

Di-hydrogen sodium phosphate, i.. r_'2

Di-hydrogeu sodium pyropliosplmtr, i.

123

Di-hydrogen thallioua orthophospliate, i.,

:!n:.

Dimercuricammouium chloride, i., 414

Dimereuricammouium oxide, i., 413

Dimercurous-ammonium chloride, i., 413

Diincrcurphosphoniuin-iiier.'iu ir < lilo-

ride, i., 415
Diodorus S'culus; till of the l?iiti>h Is-

lands, ii., 2:iD

Dioscorides ; lime-burning, i., 187; zinc,

2"il ; due oxide. 258; medical proper-
ties of rust of iron, ii., M; iimlvlid -

mim, 183; antimony, 3il, 302, lil I

Diplatiuamiiioui'tm compounds, ii.. l">

Diplatiudiumnmniiim chloride, ii., 11.*>

DiplatintetradianiiiioiiMini compounds,
ii., 41(1

Diplatodiammonii m oompomda, ii . !1">

Di-sodiimi jilatinotllioplMtiliate.
ii , !.'

])ivanailyl comixniiid-, ii., 2!'l

Ddbedreiner*! hyilrogen Limp, ii., 397

Double llu >rid'es, i., 49
"
Dry e<.p|MT." i., 315

Dueret.-t and < '>. ; aj-paratus tor ,- h,-.it -

ing the li,|urfa,-tiou of gMBt, AM
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Dudley iron-stone (" Pin's Ore "), analy-
sis of, ii., 43

Duhaniel ;
his distinction of potash and

soda, i., 54 ;
salsola soda, 104

Dumas ; fulminating gold, ii., 379 ;
atomic

weights, 505
; specific gravity of liquid

oxygen, 520, 521
" Dung substitute

"
(sodium arsenate so-

lution), i., 125

Dunlop ;
his process for the regeneration

of manganese dioxide, ii., 15

Dutch process of manufacturing white

lead, i., 292
Dutch white, i., 294
Dntton Brook Iron-works, cupola furnace

at, ii., 47, 48

Dyeing, employment of potassium di-

chromate tor Turkey -red, ii., 171

EAETH, use of the term by ancieut che-

mists, i., 187

Earthenware, i., 461, 490
Earthenware (faience), i., 497
" Eau de Javelle "

(potassium hypochlo-
rite), i., 70

Eckeberg ;
ferric acid, ii., 90

Edwards and Chevillot; researches on

manganic acid, ii., 18, 19

Egypt ;
ancient iron industry of, ii., 34

Egyptian bronze coin, ancient, analysis
of, ii., 239

Ekaboron, an undiscovered element, 514
Ekaluminium (gallium), predicted by

Mendelejeff, ii., 514

Ekasilicon, an undiscovered element, 514

Ekman, composition of sea-water, i., 114

Elba, ancient and modern iron mines, ii.,

28, 3638
Electricity, conductive power of metals

for, i., 13

Electro-gilding, ii., 375
Electro-nickel plating, ii., 146

Electrotyping processes, i., 324

Elements, natural arrangement of, ii.,

503
;
existence of undiscovered, 514

Elkiugton, Messrs.
; electrotyping, i., 324

Elliot and Storer; researches on man-
ganates, ii., 20

English drops (carbonates of ammonia),
i., 181

Epsom salts, i., 236

Erbium, i., 434
Erbium oxide, i., 434
Erbium salts, properties of, i., 423

Erzberg, in Styria : its spathose iron ore,

ii., 41
; manufacture of Styrian steel,

iJ>.

Esculapius ;
medical properties of rust of

iron, ii., 84

Etching on glass, i., 490

Ethylene, liquefaction of, 525
Euxenite, analysis of, ii., 348

"

"
Everlasting pills

"
of metallic antimony,

Eyebrows painted with antimony in an-
cient and modern times, ii., 301

F.

FAIENCE (earthenware), i., 497 ; fine fai-

ence, or semi-porcelain, 498

Faraday ; on passive iron, ii., 33
;
ferrous

chloride, 92; relations of gold-leaf to

light, 373

Fergusonite, analysis of, ii., 348
Ferric acid, ii., 90
Ferric arsenates, ii., 103
Ferric arsenite, ii., 103
Ferric bromide, ii., 100
Ferric chloride, ii., 98
Ferric chromate, ii., 1 76
Ferric fluoride, ii., 101
Ferric hydroxide, ii., 88 ; soluble, ib.

Ferric nitrate, ii., 102
Ferric oxide, notired by Virgil, ii., 87 ;

natural and artificial, ib.

Ferric oxide and lime, ii., 90
Ferric oxide and magnesia, ii., 90
Ferric oxide and zinc oxide, ii., 90
Ferric phosphates, ii., 102
Ferric potassium ferrocyanide, ii.. Ill
Ferric potassium sulphate, ii., 102
Ferris salts, ii., 98105
Ferric sulphate, ii., 101
Ferric thiocyanate, ii., 117

Ferricyanic acid, ii., 105, 109

Ferricyanides of iron, ii., Ill

Ferricyanogen compounds, ii., 109

Ferrocyanic acid. ii.. lu.i

Ferrocyanides of iron, ii., Ill

Ferrocyanogen compounds, ii., 105109
Ferro-manganese, analyses of, ii., 56.

57
Ferroso -ferric chloride, ii., 99
Ferroso-ferric oxide, ii., 86
Ferroso-ferric sulphates, ii., 102
Ferrous bromide, ii , 92
Ferrous carbonate, ii.. 97
Ferrous chloride, ii., 92
Ferrous chromite, ii., 162
Ferrous disulphide, ii., 96
Ferrous ferric-yanide. ii., 113
Ferrous fluoride, ii., 93
Ferrous hydroxide, ii., 85
Ferrous iodide, ii., 93
Ferrous nitrate, ii., 96
Ferrous oxide, ii., 85
Ferrous perchlorate, ii., 93
Ferrous phosphate, ii., 97
Ferrous salts, ii., 9197
Ferrous sulphate, ii., 93 ; crystals of, 95
Ferrous sulphite, ii., 93
Ferrous thiocyanate, ii., 117
Ferrous tungstate, ii., 213
Filhol

;
ferrous chloride, ii., 92

Fireworks, use of potassium chlorate for

i., 72

Flame-spectra, ii., 475
Flavo-cobaltic chloride, ii., 139
Flavo-cobaltic salts, ii., 139
Floral hygrometers, ii., 130

Fl-iorides, i., 49
Fluorine and tungsten, ii., 207
Fluorine and vanadium, ii., 296

Fluorspar, i., 193
Forchhammer ; manganic acid, ii., 19
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Fowlers solution (potassium arsenate),

Fracture of metals, i.. 13

Frauklinite, ii., 36, 90

Fremy ;
ferric acid, ii., 90

French method of manufacturing white
lead, i., 293

Freseuius and Will ; evaluation of man-
ganese ores, ii.. 20

Fritzche ; chromium trioxide, ii., 108
Fuchs ; his soluble glass, i., 91

Fulminating gold, ii., 378
Furnace for the manufacture of cement-

ation steel, ii., 57
Furnaces (see Iron Furnaces)
Furnaces for smelting copper, i., 312
Furnaces for smelting iron; hot and co'.d

blast, ii., 49
; capacity of furnaces and

their relative production, 51 ;

" blow-

ing in
" the furnace, 51 ; pig-iron, 52 ;

blowing-out, 7>. ; chemical changes in

the furnace, 53; gases of the blast-

furnace, 54; analyses of them, 55;

puddling-furnace for wrought-iron, 61 ;

revolving pucldliug-furnaces, 64
Fuseo-cobaltic salts, ii., 136
Fusible metal, analyses of, ii., 334

GADOLIXITE, ii., 90, 273

Gahn; his investigations on manganese,
ii., 2

Galena, ii., 183
Gallium, i., 5<>2 ; aid of the spectroscope

in its discovery, ii., 465
Gallium chloride, i., 504
Gallium oxide, i., 503

Gamble, Messrs. ; their manganese works
at St. Helen's, ii., 1518

Garnet, i., 458

Gases, spectrum analysis of, ii., 467, 474 ;

condensation of the, 516 ; liquefaction
of the so-called permanent, 516

Gases of the blast-furnace, ii., 54, 55

Gaseous products of the combustion of

gunpowder, i., 84, 86, 87

Gaulish axe, analysis of, ii., 239

Gay-Lussas ; on a ids, i., 33 ; potassium,

56,61,65; potassamide, 100; metallic

sodium, 104 ;
ammonium salts, 154, 173 ;

oxides of iron, ii., 85 ; prussic a;id, 104

G.'bsr ; use of the word "
alkali," i., 54 ;

potassium chlorate, 70 ; red-lead, 283 ;

copper. 309 ; medical properties of rust

of iron, ii., 84 ; green vitriol, 94 ; tin,

231; antimony, 301

G-issler's tubes, ii., 474
Germauicus ; analysis of bronze statue at

Berlin, ii., 239

German method of manufacturing white

lead, i., 293
German silver, ii., 146, 148

(ressner ; sympathetic inks, ii., 130

Giant's Causeway ;
native iron in basalt,

ii., 28
wumm," a product of iron

. u ,
55

Glding, ii., 374 ; gilding metals. ,7..

(.la s,i., 401,402
(ila^-making, caily Ufe of the black
oxide of manganese in, ii., 1. 2

Glass mirrors, ii., 2li>; guild of mirror-
makers in 1373, i7>.

Glass of antimony, ii., 324
Glauber ; normal .potassium sulpl at'-, i..

74 ; detonating powder, 81 ; powder of

fusion, ill. ; nom.al ammonium sul-

phate, 179; zinc, 251; zinc chloride,
259 ; ferric chloride, ii.. !> ; the iron

tree, 103; oxides of antimony, 311,
316, 321, 323 ; fuhnicat ng gold, 378

Glauber's s-a.ts, i, 40; "sa.
1

mirabile

G!auberi,"116
Glucinum (see KerylHurn)
Gmelin ; iron and cjanogen, ii., 104 ; ni-

tro-prussides, 115
Gold (Aurum), ancient names for, ii.,

359 ; its history, 300 ; native gold, il,. ;

geographical attribution of, t- . ; disco-

vered in California by Colonel Sutter,
361 ; statistics of production, 362 ;

discovery of gold in Australia, ft ; .sta-

tistics of production in New South
Wales, 1851 to 1874, 363; in Victoria,
1851 to 1865, 364; Victorian gold laised,
from 1868 to 1877, allmial and quartz,
il>.

;
diminished yield, 3i :5: large nug-

gets, Hi.- alluvial washings and true

gold-mining in Californ a, 362 ; it*

fineness in different parts of Au-tialia,

. 365; analyses of native gold, 7>. ;

gold-mining, alluvial washing or pla-

cer-digging, 365; pan-washing, 366;
cradle apparatus for gold-washing id. ;

hydraulic gold-mining, ib. ; cost of dif-

ferent processes, 368; proi

quai tz - mining, il>. ; gold extraction

by chlorine, 369 ; by mercury, il>. ; se-

paration of silver from gold by sul-

phuric acid, ib.; properties of gold,

372; colour, ib.
; crystallization, il>. ;

moss-gold, ili. ; ductil.ty, i/>. ; gold-

beating, ancient and modern, ib. ; gold
in wire-drawing, 373; specific gravity,
ib. ; relations of gold-It af to light,

373 ; purple of Cassius, 374 ; gilding,

Ii.; gold-beater's skin, 375: elect rn-

gilding, ili.; standards of fincm s- rVr

gold ware and coinage, il'. ; trinket

gold, 376 ; gold amalgam, ''-. : ai.rou*

(alts, 379; auric raits, 3*2; detection

and estimation of p.ld. :><!: *].*ik-

spectrum of, ib. ; assay of, 387 ; atomic

weight, ib.

Gold alloys of, ii.. 37.-.

Gold and oxygen, ii.. 370

Gold and phonphora*, ii.. '-'^<>

Gold and sulphur, ii.

({old-beater's skin. ii.. 375

(i.lddisulphide. ii. .:>-.

(i..ld. fulminating, ii.. ::7-

Gold group of metals, i.. 2:<

888
G.ld-lare, ii.,373

G.ld-l.-af, ii..373

Gold monochloriile, ii., 379
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Gold monoxide, ii , 376
Gold rehning foi coinage, ii., 371
Gold tribromide, ii., 3t<4

Gold trichloride, ii., 38:2

GjM trihydroxide. ii., 377
Gold trioxide, ii., 377
Gold-wire, ii., 373
Golden calf of Sciipture, ii., 386
Gore ; electrolytic-antimony, ii., 306

Gi'accus, Marcus
; saltpetre as a consti-

tuent of gunpowder, i., 81
Graham ; sodium phosphates, i., 121, 124
Grain tin, ii., 236

Graphite, ii., 184
Green glass, common, i., 466, 469
Greenland ; meteoric iron in, ii., 29
Green salt, Magnus's, ii., 409
Green vitiiol, ii., 9396
Grew, Nehemiah

; Epsom salts, i., 236

Grey cast-iron, ii., 56, 57, 70

Guignet's green, ii., 161

Gun-metal, ii., 237

Gunpowder, i., 81, 82

H.

HJEMA.TITE, red, ii., 36 ; analysis of, 39 ;

brown and yellow, 38 ; analyses of, 40
Haloid compounds of niobium, ii., 355;

of tantalum, 351

Hamburg white, i., 294
Hare ; platinum fused by the oxyhydro-
gen blow-pipe, ii., 393

Hargreave's process for manufacturing
salt-cake, i., 142

Harpsichord wire, ii., 31
Hatchett's brown, ii., 109

Haupt ;

" sal mirabile perlatum," i., 121

Heat, atomic, of metals, i., 14 ; specific,
of metals, 1416

Heat, conductive power of metals for, i.,.

13
H at, molecular, of compounds, i., 20

Heavy-stone (tungsten), ii., 201

Heraclea, source of the Heraclean stone

(magnetite), ii., 86

Herschel, Sir John ; spectrum analysis,

ii, 468

Hepar sulphuris, i, 100

Hepta-hydrated salt, i., 118
Hiarni

;
nickel-ore first mentioned by, ii.,

143

Higgins ; potassium chlorate, i., 70
Hofmann

;
on acids, i., 33 ; on manganates

as disinfecting agents, ii., 23

Hogbo ironworks at Sanviken, ii., 70

Hollendus, Isaac; calcium chloride, i., 191

Holley ;
his arrangement of plant tcr

steel manufacture, ii., 74

Homer; his reference to the mode of

tempering steel, ii., 66

Hnggins ;
stellar spectra, ii., 498

Humbol dt
;
his expedition to the Urals,

ii.. 389

Hungary ; gold in, ii., 360

Hyacinth, a mineral found in Ceylon
(zirconium), ii., 267

Hydrated caustic soda, i., 108

Hydraulic-mining for gold, ii., 360

Hydraulic mortars, i., 209

Hydrochloride of hydroxylamiue, i., 185

Hydrogen ammonium carbonate, i.. ]>_'

Hydrogen ammonium fluoride, i., 178

Hydrogen ammonium sodium phosphate,
i., 180

Hydrogen and antimony,ii., 309

Hydrogen and copper, i., 327

Hydrogen and iron, ii., 84

Hydrogen and palladium, ii., 425

Hydrogen and potassium, i., 61

Hydrogen and sodium, i., 107

Hydrogen (darmnonium phosphate, i.,l0
Hydrogen ieirocyauide, ii., 105

Hydrogen ferrous-ferrocyanide, ii., Ill

Hydrogen iridionitiite, ii., 446

Hydrogen lamp, Dobereinei 's, ii.. 397

Hydrogen, liquefaction of, ii., 52i> ; Cail-

letet's apparatus for, 523

Hydrogen lithium sulphate, i.. 161

Hydrogen magnesium orthophosphate, i.,

245

Hydrogen potassium carbonate, i., 95

Hydrogen sodium antimouite, ii., 312

Hydrogin sodium carbonate, i.. 131

Hydrogen sodium sulphate, i., 118

Hydrogen sodium sulphite, i., 116

Hydrogen thallious sulphate, i., 304

Hydroxides, general properties of, i., 30

Hydroxides of aluminhim, i., 444

Hydroxylamine, i., 185

Hygrometers, floral, ii., 130

Hypcantimoiiic compounds, ii., 312

Hypochlorites, i., 50

Hypovanadic compounds, ii., 291

Hypovanadic hydroxide, ii , 291

Hypovanadic oxide, ii., 291
. Hypovanadic sulphate, ii.,i92

Hypovauadic tetrachloiide, ii.,291

Hypo^ anadious oxide, ii.. :>9

II.MEXITE, ii., 259
llsemanu

; tin-tree, ii., 236
India ; ancient and modern iron industry,

ii., 34, 35
;
iron furna:e.s, 42

; gold in,
361

Indium, i., 499 ; aid of the spectroscope
in its discovery, ii., 465

Indium-ammonium alum, i., 501
Indium hydroxide, i., 500
Indium nitate, i., 501
Indium sulphate, i., 501
Indium sulphide, i., 501
Indium sulphite, i., 501
ludium oxide, i., 500
nks, sympathetic, ii., 129

odides, i., 49
odine and antimony, ii., 319
odine and tungsten, ii. 207
relaud, gold in, ii., 361
i idi3 bromide, ii., 445
ridb chloride, ii.. 445
ridic iodide, ii., 445
ridic salts, ii., 445

idicyauic acids, ii., 447
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Iridicyanides, ii., 447
Irididianmiouium chloride, ii., 447
Iridiodiannuoui mi chloride, ii., 446
Iridiouitrites, ii., til!

Iridiopeutammonium chloiide, ii., 446
Iridio.-ammouiurn chloride, ii., 446
Iridious bromide, ii., 444
Iridious chloride, ii., 443
Iridious salts, ii

,
443

Iridious suphite, ii., 444

Iridium, ii., 437449; its hi-tnry, 437;
analyses of platiuirklium, 438

; of os-

miridium, ib. , preparation of pure iri-

dium, 438, 439; alloy for standard
meter-measures for the Parisian com-
mission, ill.

; properties of the metal,
441

; detection and estimation of, 448 ;

atomic weight, ib.

Iridium aad oxygen, ii., 441
Iridium and sulphur, ii., 448
Iridium dioxide, ii., 442
Iridium disulphide, ii., 448
Iridium monosulphide, ii., 443
Iridium, salts of, ii., 443
Iridium sesquihydroxide, ii., 442
Iridium sesquioxide, ii., 441
Indium sesqnisulphide, ii., 448
Iridium tetrabromide, ii., 445
Iridium t ?trachloride, ii., 445
Iridium tetrahydroxide, ii., 442
Iiidium tetraiodide, ii., 445
Iron group of metals, i., 23

Iron, ii., 27126 ; ancient history of, 27 ;

detection and estimation of, 123
Iron alum, ii., 102
Iron amalgam, ii., 33
Iron and arsenic, ii., 122
Iron and cyanogen, ii., 104
Inn and hydrogen, ii., 84
Iron and nitrogen, ii., 120
Iron and oxygen, ii., 89
Iron and phosphorus, ii., 121

Iron and sulphur, ii., 117
Iron disulphide, ii., 119

Iron furnaces of India, Spain, Elba,
United States, Germany, ii., 44 : the
blast furnace, 45

Iron, in minerals, water, plants, and blood,

ii., 30

Iron, metallurgy of, ii., 34

Iron, meteoric, ii., 28, 34
Iron monosulphide, ii., 117
Iron monoxide, ii., 85
Iran nitride, ii., 120
Iron nitroso-sulplmb, ii., 121

Iran nitroso-thiir.\arbonate, ii., 120
Iron nitro-sulphidi's, ii., 121

Iron ores ; bla^k oxide of manganese be-

lieved by the ancient* to be an ore of

iron, ii., 2

Iron, ores of, ii., 3542
Iron oxychlorides, ii., 100

Iron, passive, ii. 33

Iron, pure; its preparation, ii., 31 ; pro-

perties, ib.

Iron pyrites, ii., 119

Iron sesquisulphide, ii., 118
^

Iron-slap. molybdenum in, ii., 184

Iron smelting, ii., 42 83

Iron-stone (tee
" Black-band "

Iron-stone,
Clay Iron-stone)

Iron thiocyanates, ii.. 117
Iron tree, ii., 103

.1.

JACOBI ; Electrotyping, i.. 324
Januel

; solubility of salts, i., 47
Jewellers' rouge, ii., 88
Joachimsthal

; analysis of bismuth from,
ii., 332

John
; his method of preparing metallic

manganese, ii., 3

Johnson, Mathey & Co.
; manufacture of

platinum vessels, ii., :;:;< ; platinum
iridium alloy for standard meter-mea-
sures for the Parisian commission, 439,
440

Jones and "Walsh; salt-cake process, i.,

Jordan, J. C. ; electrotyping, i., 3i
%

4 ; his

method of preparing metallic manga-
nese, ii., 4

K.

KA ROLTI
; composition of gunpowder, i.,

83
Karsten ; his process for desilvering lead,

i., 278 : on iron and steel, ii., 00 ;
cast-

steel, 69

Kekule; Prussian blue, ii., 112
Kermes mineral, ii., 321

Kicserite, i., 243

Kirchhoff; lithium,!., 158; rubidium, 104;
on the constitution of the solar atmo-

sphere, ii., 497
Eorchhoff and Bimsen ;

their d !

scoveries

in spectrum analysis, ii., 409 ; form of
Kirchhoffs spectroscope. 472. 478, I*"

"Kish," a product of iron-smelt iug. ii.

56

Klaproth ; alkalis,!., 54, 55; his discovery
of uranium, ii., 217 ; of chromium. I .".7;

of titanium. 2-V> ; of zirconium. 2<>7

Koc-hlin ; use of potassium dichn.matc for

Turkey-red dyeing, ii.. 171

"Kohl," the Hebrew and Arabic name
for antimony, ii., 301; "alcool," al-

kohol,"t*.,320
Kremcrs ; sodium chlorate, i.. Ill

Krupp : maniifa -tun- of rast-tcrl. ii.. <i!)

Kunkel : action of nitric acid on tin. ii.,

2I">; di-c >\.TV of >ta-mie sulphide, 2~>1 ;

fulminating gold, :;7"

LAIURRAQ! K'S li.|iior, i., 114

Lana, Francisco ; the
" chemical miracle

"

(tlakrd lim-i.i. 190

Lanthanum. hiMo-v of. i.. 12".

42ii : detection and estimation of, 127

atomic wi ight ,
H'.

Lanthanum carbonate, i . li'ii
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Lanthanum chloride, i., 426
Lanthanum nitrate, i., 426
Lanthanum oxide, i., 426
Lanthanum sulphate, i., 426
Lanthanum sulphide, i., 427

Lapis lazuli, i., 458
Lavoisier ; acids, i., 33 ; alkalis, 55
Lead group of metals, i., 2

Lead; its history, i., 270; sources, 271;
salts, 285 ; detection and estimation of,

298
Lead and oxygen, i., 281
Lead and sulphur, i., 296
Lead and tin alloys, ii., 337
Lsad antimonate, ii., 315

Lead, horates of, i., 291
Lead bromide, i., 287

Lead, carbonates of, i., 291
Lead chloride, i., 2?5
Lead chlorite, i., 288
Lead chloro-sulphule, i., 297
Lead chromate, ii., 174
Lead cyanate, i., 294
Lead cyanide, i., 29*4

Lead dioxide, i., 284
Lsad ferricyauide, ii., Ill
Lead fluoride, i., 287
Lead hydroxide, basic, i., 282
Lead hypovanadate, ii., 293
Lead iodide, i., 87

Lead, its action upon water, i., 295

Lead, metallic, formerly used for mirrors

ii., 240
Lead metavanadate, ii., 288
Lead molybdate, ii., 196
Lead monoxide, i., 281
Lead nitrate, i., 289
Lead nitrite, i., 290
Lead ores, smelting of, with metallic

iron, i., 376
Lead orthovanadate, ii., 287
Lead perchloride, i., 287

Lead, phosphates of, i., 292
Lead pyrovanadate, ii., 288

Lead, red (or minium), i., 283
Lead salts, their poisonous action, i., 294
Lead sesquioxide, i., 283

Lead, silicates of, i., 291

Lead, softening of, i., 276
Lead suboxide, i.,281
Lead sulphate, i., 288
Lead sulphide, i., 296
Lead tetravanadate, ii., 288
Lead tungstate, ii., 201, 212

Lead, white, i., 292
Leblanc

;
alkali manufacture, i., 133

Lehmann
; discovery of chromium, ii., 157

Lemery ; zinc, i., 251 ;
zinc sulphate, 261

;

steel, ii., 61 ; antimony, 304, 321, 32(j
;

bismuth, 330, 338, 339

Lessing, bronze statue of, analysis of, ii.,

239
Libavius ; zinc, i., 251 ; lead nitrate, 289 ;

tin tetrachloride, ii., 247 ; antimony
confounded by him ŵith bismuth, 302,
314, 330

Lichtenberg's metal, analysis of, ii., 334

Liebig ; constitution of salts, i.. 3(j : com-
mercial potassium cyanide, 9(j

;
ferrous

bromide, ii., 92
;

ferrous chloride, 92
;

iron aud cyanogen, 104
; process for

preparing metallic antimony, 304 ; pla-
tinum, uses of, 392

; platinum black,
398

Lime, i., 189
Lime and ferric oxide, ii., 90

Lime, chloride of, i., 194

Lime, milk of, i., 194

Lime, superphospiiate of, i., 206

Llmouite, ii., 38
Linck

; composition of gunpowder, i.. 83

Linnaeite, ii., 153

Liquefaction of the so-called permanent
gases, ii., 516

Liquor potassse, i., 65

Litharge, i., 282

Lithium; its history, i., 157; sources of
the metal, il>. ; extraction of lithium

salts, 158; preparation of the metal,
159; its properties, 1(50; detection and
estimation of, 163

;
atomic weight, Hi.

Lithium and oxygen, i., 100
Lithium carbonate, normal, i., 162
Lithium chloride, i., 161
Lithium nitrate, i., 162
Lithium orthosilicate, i., 162
Lithium oxide, i., 16J
Lithium phosphate, normal, i.. 162
Lithium platinichloride, ii.. 4<>ii

Lithium sulphate, normal, i., 161
Liver of antimony, ii., 322
Liver of sulphur, i., 100 ; ii., 386

Loadstone, ii., 1,36, 86

Lockyer ; metals in the sun, ii., 498: so-

lar cyclones, 501
; chemical constitu-

tion of the stars, 499
Losh

;
alkali manufacture, i., 133

Lowig ; ferrous bromide, ii., 9J ; ferrous

chloride, ilt.

Lowmoor ironstone, analysis of, ii.. 43
Lucifer matches, use of potassium

chlorate in their manufacture, i., 72.

ii., 322
Luteo-cobaltic chloride, ii., 138
Luteo-cobaltis salts, ii., 138

1C.

; chromium, ii., 157

Macquer ;
iron and cyanogen, ii., 104

Mactear; sulphur recovery process, i.,

152
"
Magistery of bismuth," ii., 338

Magnes ; supposed discoverer of magnetic
properties, ii., 86

Magnwria. i., 240. 241

Magnesia alba, i.. 236

Magnesia and ferric oxide, ii.. 90

Magnesia, in Lydia, magnetite first found

there, ii., 86

Magnesia ni ra, i., 236

Magnesiau limestones, i., 190

Mayin siiftn ; its history, i., 236 ; prepara-
tion of the metal, 237 ;

its properties.
239 ; salts of, 241 ;

detection and esti-

mation of, 249 ; atomic weight. 250
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Magnesium aluminate, i., 446

Magnesium auimuuiuui ci.romate, ii .

174

Magnesium ammonium orthophosphate,
i., 245

Magnesium bromide, i., 242
Maun-sium chloride, i., 241

Magnesium chromate, ii., 174

Magnesium fluoride, i., 24J

Magnesium group of metals, i.. 22, 231
250

Magnesium hydroxide, i., 240

Magnesium iodide, i., 242

Magnesium metal company, i., 239
;
ma-

nufacture of vauadic acid, ii., 278; of

bismuth, 331

Magnesium ruolybdate, ii., 196

Magnesium nitrate, i., 245

Magnesium nitride, i., 24S

Magnesium oxide, i., 240

Magnesium platiuocyanide, ii.. 418

Magnesium iliirt', i., 248 t fIt&t&t
M-igiif-iuin sulphate, i., 243
Me oiesiurn sulphide, i., 248

Magnesium, phosphates of, i. 245

Magnesium potassium ehromate, ii., 174

Magnesium, salts of, i., 241

Magnet, derivation of the word, ii., 2

Magnetic iron ores, ii., 36 ; analyses of,

37

Magnetic oxide of iron, ii., 84,. 86

Magnetic pyrites, ii., 118

Magnetism, Magnes, magnesia, ii., 86

Magnetites, ii., 36 ; analyses of, 37

Magnus's green salt, ii., 409

Ma'ay Peninsula, tin-ore of the, ii. 232
Malleable iron, its reduction from the

ores, ii., 42

Manganates, ii., 19

Manganese, ii., 127 ;
detection and

estimation of, 24 ; atonic weight of, 27

Manganese, alloys of, ii., 5

Manganese chromite, ii., 162

Manganese dioxide, its regeneration from
the chlorine residues, ii., 13, 15

Manganese in iron, ii., 65, 72

Manganese sulphide and disulphide, ii.,

24

Manganese tungstate, ii., 213

Manganic acid and its salts, ii., 18

Manganic compounds, ii., 10

Mauganites, ii., 13

Manganous compounds, ii.. 6

Manganous salts, ii., !)

Mansfield
; process of copper-smelting, i.,

319
Marcasite, ii., 119; old application of the

term, 330
Maroska and Donny ; preparation of me-

tallic potassium, i. 57

Marggraf; alkalis, i., 54
Marseilles ; Kr-n -h soap-trade at, i., 133

Mar.di gas, liquefaction of ,
525

Matthey. <!. ; preparation of pure indium.

ii., 438; proposed standard nieter-

measures for the Parisian cominiss'un,

.,
):;'.>

Matthiessen ; preparation of metallic po-

tassium, i., 59 ; lithium, 159

Melting-point of metaln, i., Ii'

Mendekjeff; periodic law of the .!.-

meuts, ii., ."in i
; correction of doulitful

atomic weights, 513; on in,.:

elements, 514

Menghini ; discovery of iron in the blood,
ii., 31

Mercuric-ammonium compounds, i . li:i

Mercuric bromide, i., 405
Mercuric chromate, ii., 170
Mercuric chlorate, i., 406
Mercuric chloride, i., -li >J

Mercuric cyanate, i., 408
Mercuric cyanide, i., 408
Mercuricdiammonium chloride, i., 414
Mercuric fluoride, i., 406
Mercuric iodide, i., 4>5
Mercuric nitrate, i.. 4' 7

Mercuric oxide, i., 396
Mercuric phosphide, i.. 415
Mercuric salts, i., 402
Mercuric sulphate, i., 407
Mercuric sulphide, i., 409
Mercurous-ammoniuin chloride, i., 413
Mercurous-ammonium compounds, i.,413

Mercurous bromide, i.. In

Mercurous carbonate, i., -I* "2

Mercurous chlorate, i., 401

Mercurous chloride, i., 399
Mercurous chromate, ii., 176
Mercurous fluoride, i., 401
Mercurous iodide, i., 400
Mercurous nitrate, i., 401
Mercurous oxide, i., 396
Mercurous perchlorate, i. 401
Mercurous salts, i. 399
Mercurous sulphate, i., 401
Mercurous sulphide, i., 412

Mercury; its history, i.,3^7 : wmro -. Wfl :

preparation of the metal, il>. ;
its pro-

perties, 392; uses, 3!M ; alloys of mer-

cury or amalgams, 39 1; therajxTtic
uses of, 397 ; Baits of mercury, //'. ;

<1 -

tection and estimation of, 410
;
at >mu:

weight, 417

Mercury and nitrogen, i.. 112

Mercury and oxygen, i., 39i>

Mercury and phosphorus, i., 415

Mercury and sulphur, i., 409

Mercnrr, carlxmitrs of, i., 408

Mercury nitride, i.. 11 2

Mercury, phosphates of, 5.. 407

MetabUmuthic acid, ii., 341

Meta-f. ITK llV.!r.,\ide. Sulul.le. ii.. V>

Mdtal Argentine, analysis of. ii., :;os

MKTAIS, TUK, i.. 1; metallic, all....;.
:

;

amalgams. !'; g. nerd ],IMJH-I-
, n ,.t:iN, 1121 ;

classification of metals,

22-29
Metals in tin- atmospheres of the sun ir.id

the fixed stars, ii.. :<;<;

Metals of the alkali fjroup, i..
'

I-'!;

of the alkaline earths. 1>7 g
niM-nrsiuni (.-rmip. l':il l'l>! ;

of t!ie

lead group, 27*' +"*: "f tl-. ,-,.,.,,.
r

prouj), 3i -417: of the eerhna frmpi
.|1> I:!.'.; ..f the ah.iniinM

438 50J ;
..I'their.'n -ri.ui>.ii.. 1 I"'.;

of the chromium group, I.'-."
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the tin group, 230276 ;
of the anti-

mony group, 277 358; of the gold
group, 359-464

Metals, spectra of, ii., 477
Metallic manganese, its preparation, ii.,

3 ; its properties, 9
Metallic nickel, ii., 145
Metallic vanadium, ii., 279

Metantiinonates, ii. 314
Metantimonic add, ii., 314

Metastaiinates, ii., 245
Metastannic acid, ii., 245
Metathorium oxide, ii., 274
Metatitanic acid, ii., 259
Metavanadic acid, ii., 284
Meteoric iron, ii., 28, 34

;
found in mid-

ocean, 30
Meteoric iron, nickel in, ii., 144

Meteorites,
"
earthy," and " meteroric

irons," ii., 28

Meyer, J. C. F. ; hydrosiderum, ii., 121 ;

preparation of metallic antimony, 305

Meyer Lother ; classification of the ele-

ments, ii., 505
Microcosmic salt, i., 180
Milk of lime, i., 191

Miller, F. R. ; his process of refining gold,
ii., 371

Miller, W. Allen
; spectrum analysis, ii.,

463
" Mineral chameleon," ii., 18
Mineral kermes, ii., 321
Mirrors ; guild of mirror-makers in 1373,

ii., 240
Mirrors silvered with tin amalgam, ii., 249
Missouri (U.S.) ;

nickel ore, ii., 153
Mitscherlich ; manganic acid, ii., 19
Molecular condition of matter ; probable

results of spectrum analysis, ii., 466
Molecular heat of compounds, i., 20

Molybdates, ii., 193

Molybdenite, ii., 198

Molybdenum, ii., 183201 ; metallic, its

preparation, 184 ; oxides and chlor-

ides of, 185 ; detection and estimation

of, 200
;
atomic weight, ib.

Molybdenum and phospl.orus, ii., 199

Molybdenum and sulphur, ii., 198

Molybdenum dibromide, ii., 186

Molybdenum dichloride, ii., 185

Molybdenum dioxide, ii., 188

Molybdenum dioxydichloride, ii., 190

Molybdenum disulphide, ii., 198

Molybdenum molybdates, ii., 196

Molybdenum monoxide, ii., 185
Molybdenum monoxytetrachloride, ii.,

189

Molybdenum oxybromide, ii., 191

Molybdenum oxychlorides of, ii., 189

Molybdenum oxyfl'ioride, ii., 191

Molybdenum pentachloride, ii., 189

Molybdenum phosphide, ii., 199

Molybdenum sesquibromide, ii., 188

Molybdenum sesquichloride, ii.. 187

Molybdenum sesquioxide, ii., 187

Molybdenum sesquioxyhexachloride, ii.,

191

Molybdenum sesquioxvpeutachloride, ii.,

190

Molybdenum tetrabromide, ii., 189

Molybdenum tetrachloride, ii., l!S9

Molybdenum tetrabydroxide, ii. 188

Molybdenum, tetraiodide, ii., 189

Molybdenum tetrasulphide, ii., 199

Molybdenum trioxide, ii., 191

Molybdenum trisulphide, ii.. 199

Molybdenyl bromide, ii., 191

Molybdic acid, ii.. 192

Moml, Ludwig : alkali-maker's waste, i.,

151

Monge; on iron and steel, ii., 66
Monohydrogen calcium orthophosjhate,

i., 205

Monohydrogen thallious orthophosphate,
i., 305

Mortars and cements, i., 209
Mosaic gold, i., 287 ; ii., 251
Mottled cast-iron, analyses of, ii., 58

Mottramite, the source of vanadic acid,

ii., 278
Mulder ; strontium sulphate, i., 215

Midler, Hugo ; lithium salts, i.. 159
Muntz metal, i., 327

Mushet; steel manufacture, ii., 70

N.

NAPLES yellow, ii., 315

Nebulae, spectra of, i.., 500

Neilson, J. 13. ;
his hot and cold blast-

furnaces, ii. 49
New Caledonia; nickel ore, ii., 144, 145

Newton's metal, analysis of, ii., 334

Nickel, ii., 143-156; properties of, 145;
detection and estimation of, 154

;
ato-

mic weight, 155

Nickel, alloys of, ii., 146
Nickel and arsenic, ii., 154
Nickel and oxygen^ ii., 149
Nickel and phosphorus, ii., 154
Nickel and sulphur, ii., 153
Nickel bromide, ii.. 150

Nickel carbonate, ii., 152
Nickel chloride, ii., 150
Nickel cyanide, ii., 153
Nickel disulphide, ii., 154
Nickel fluoride, ii., 151

Nbkel hydroxide, ii., 149
Nickel iodide, ii., 151

Nickel monosulpbide, ii., 153
Nickel monoxide, ii., 149
Nickel nitrate, ii.. 152

Nickel nitrite, ii., 152
Nickel oxide, ii., 149
Nickel peroxide, ii., 140

Nickel, salts of, ii., 150
Nickel sesquioxide, ii., 149
Nickel silicates, ii., 152

Nickel-silver, ii., 147, 148

Nickel sulphate, ii., 151

Niobates, ii., 354
Niobic add, ii., 354

Niobium, ii., 353358 : its history, 345 ;

detection and estimation of, 357 ;
ato-

mic weight, 358
Niobium and nitrogen, ii.. 357
Niobium and oxygen, ii., 353
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Niobium and suljh'.ir, ii., 357
Niobium dioxide, ii., 353

Niobium, haloid compounds of, ii., 355
Niobium hydroxide, ii., 354
Niobium oxybromide, ii., 356
Niobium oxychloride, ii., 355
Niobium oxyfluoride, ii.. ::~ ii

Niobium oxysulj hide, ii.. ;i.">7

Niobium pentabromide, ii., 356
Niobium pentaohlorlde, ii.. 35.)

Niobium pentatluoride, ii., 356
Niobium pentuxide, ii.. '.>' 1

Niobium tetroxide, ii., 354
Niobium trichloride, ii., 3-JO

Niobylchlorids. ii.. 355
Nitrate of hydroxylamine, i., 186

Nitrate*, i., 52
Nitre (see Potassium Nitrate)
Nitrk' acid, its action on tin, ii.. 245
Nitric oxide, liquefastion of, ii., 525

Nitrites, i., 52
Nitro-cobaltamine salts, ii., 138

Nitro-lYrricyauides, ii., 115

Nitrogen and chromium, ii., 180

Nitrogen and copper, i., 344

Nitrogen and iron, ii., 12O

Nitrogen and mercury, i., 412

Nitrogen and niobium, ii.. 3"7

Nitrogen and potassium, i.. 100

Nitrogen and sodium, i., 154

Nitrogen and tantalum, ii., 352

Nitrogen and titanium, ii., 264

Nitrogen and tungsten, ii., 216

Nitrogen and vanadium, ii., 298

Nitrogen, liquefaction of, ii., 523

Nitro-prussic acid, ii., 116

Nitro-prusside?, ii., 115
" Nitrum nammans," i., 179
Noble ; products of combustion of gun-

powder, i., 85
.Noble garnet, i., 458

Non-metals, spectra of. ii.. 477
Nordenskiuld

; composition of meteoric

iron, ii., 29

Northwich, salt-beds at, i., 110

Nymphenburg porcelain, i., 494

OCTOHEDPAI, borax, i., 127

Opaque glass, i., 485

Optical glass, i., 471

Orangeite, ii.. 273
Ores of iron, ii., 35
Orthite. ii., 273
Osann ; discovery of ruthenium, ii., 449

Osmiumir acid. ii.. Ml
Osinic acid, ii., 460

Osmiocyanic acid, ii.. -M2

Osmiocyauidos. ii., 4(i2

Osmioxyaininonium hydroxide, ii.. 4<!2

Osiinoxydiammonium chloride, ii.. 4C2

Osmium, ii., 450; preparation of the pure

metal, 457; danger in volatilizing it,

il>.; uses of the metal, i/>.: ovd<-s

and salts oi'. r>*-: det< i-tidii ami esti-

mation of. 4(53 ;
atomic weight. It! I

Osmium and sulphur, ii., 4(J3

Osmium dioxide, ii.. -T,<i

Osmium monoxide, ii., i:,;i

Osmium se.iiminxid.-, ii.. | :i

Osmium sulphite, ii.. l.V.i

OMiiium tetiaddoride. ii.. |.':

Osmium tetrahWboxide, ii..

Osmium titroxid,-. ii.. 4iii>

(t.-mium tiiovide. ii., |<;.i

Oxides,'geutral prdpertics of, i., 30
Oxides of manganese, ii.. :,

Oxides of molyb leuum, ii., 185
Oxides of onmom, ii

Oxland; his prtKcss for olitaining the
timgstiu c(.miK)ituds. ii., i>ul ; t.'r the
reduction ,f tin, 2:^'.

Oxyammonia, i.. !>.">

Oxyaiiiii.oiiiiiin cidoiide, i., 185

Oxyammoninm coiii]K.unds. i., 185
Oxjammonium nitiat.-. i . 1-ii

Oxyammonium sulphate, i., 186

Oxychlorides of magnoiiiin, i.. i'.|2

Oxychloiides of m< lybd'-num. ii.. !>!

Oxydiinirctiricaminoiiiiim iodide, i., 415

Oxygen and aluminium, i.. l^i'

Oxygtn atod antimony, ii.. :;lo

Oxygen and barium, 1., 2JO

Oxygen and bismuth, ii., 335

Oxygen and calcium, i., 189

Oxygen and cerium, i., !:.'<

Oxygtn and chromium, ii., 159

Oxygen and cobalt, ii.. !:>

Oxygen and copper, \.,:\^

Oxygen and gold, ii.. 37i!

Oxygen and indium, ii., 441

Oxygen and irtn. ii.,
v

1

Oxygen and had. i.. 2-1

. Oxygen and lithium, i., 160

Oxygen and magnesium, i., 240

Oxygen and nickel, ii., 14!)

Oxygen and niobium, ii.. 353

Oxygen and palladium, ii., 426

Oxygen and platinum, ii.. -|H>

Oxygen and potassium, i., <>2

Oxygen and rhodium, ii.. 433

Oxygen and ruthenium, ii., 451

Oxygen and silver, i., ;>ii7

Oxygen and sodium, i., li'7

Oxygen and strontium, i . 214

Oxygen and tant-dum. ii . :il!

Oxygen and thallium, i . 3'il

Oxygen and tin, ii., 241

Oxygtn and titanium, ii.. 2.">(i

Oxygen and tungsten, ii.. 2< 7

Oxygen and uranium, ii . 2-'>

Oxygen and vanadium, ii.. 2*2

Oxygen gas, use of potassium cld rate m
its preparation, i.. 72

Oxygen, limiefn'.-tion of: Pict f- n| |
a-

ratus. ii., :,17 -'-22; Cadlrtrfs appa-
ratus, 52: '.

Oxygen, liquid ; its specific grn\ity. ii.

521

Oxymuriate of tin. ii.. 21*

; or pack-tong,an alloy of nickel,

ii., 1 Hi. 1 I*
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Painting on porcelain, i., 496
Palladammonium sulphate, ii., 430
Palladdammonium chloride, ii., 430
Palladdammoniuni hydroxide, ii.. -i'29

Pallasliaimnonium chloride, ii., 430
Palladiammonium hydroxide, ii., 430
Palladic chloride, ii., 429
Palladic salts, ii., 429
Palladious chloride, ii.. 427
Palladious cyanide, ii., 430
Palladious iodide, ii., 4:28

Palladious nitrate, ii.. 423
Palladious salts, ii.. 427
Palladious sulphate, ii., 428
Palladium, ii, 422-431 ;

its history, 422 ;

preparation of pure palladium, 423 ;

properties of the metal, 424 ;
its uses,

ib.; detection and estimation of, 431;
atomic weight, il>.

Palladium and hydrogen, ii., 425
Palladium and oxygen, ii.. 426
Palladium and sulphur, ii., 431
Palladium dioxide, ii.. 427
Palladium disulphide. ii., 431
Palladium hemioxide, ii.. 426
Palladium hemisulphide, ii., 431
Palladium hydride, ii.. 425
Palladium monosulphide, ii., 431
Palladium monoxide, ii., 427
Paracelsus ; constitution of salts, i., 35

;

zinc, 251
; copper, 310 ; cobalt, ii., 126 ;

powder of Algaroth, 317 ; antimony,
326; bismuth, 330

Parisian Commission for the International

Metrical System ; preparation of stand-

ard meter-measures, ii., 438 440
Parkes's process for desilvering lead, i.,

278
Passive iron, ii., 33
Patent yellow, i., 286
Pattinson

;
white lead, i., 287

Pearl-ash, i., 92 ; American. ?'fi.

Peligot ; uranium, ii., 217, 218

Perchlorates, i., 50
Perchromic acid, ii., 179

Persy's air-reduction process for lead, i.,

272
Periodic law of the elements, ii., 506
Permanent white, i., 225

Permanganates, ii., 2123
Permanganic a?id, and its salts, ii., 18, 20
Pernot's revolving hearth, for steel-

making, ii., 81
Peroxides of metals, i., 31

Periiranates, ii., 227

Peru, tin-ores of. ii., 232
Peruvian bismuth, analyses of. ii.. 332,

333

Pewter, ii., 237 ; analysis of. 307

Philipium, aid of the spectroscope in its

dhcovcry, ii.. 4'3~>

Philosopher's stone, search after the, ii.,

360

Phosphates, i., 52

Phosphates of aluminium, i., 457

Phosphates of beryllium, i., 235

Phosphates of calcium, i.. 2' '">

Phosphates of cobalt, ii., 131

Phosphates of copper, i., 340

Phosphates of lead, i., 290

Phosphates of magnesium, i., 245

Phosphates of mercury, i., 407

Phosphates of nickel, ii., 152

Phosphates of silver, i., 379

Phosphates of thallium, i., 305

Phosphomolybdic acid, ii., 197

Phosphor-bronze, ii., 23 s

Phosphorus group, elements of the, ii.,

421

Phosphorus and cobalt, ii., 141

Phosphorus and gold, ii., 386

Phosphorus and iron, ii., 121

Phosphorus and mercury, i., 415

Phosphorus and molybdenum, ii., 199

Phosphorus and nickel, ii., 154

Phosphorus and tin, ii., 252

Phosphorus and tungsten, ii., 216

Phosphorus in iron, i., 65

Phosphorus in pig-iron, ii., 70

Phosphorus, its elimination from iron in

the Bessemer process, ii., 7tJ

Phospho-t mgstic acids, ii., 213

Photography, i. 380

Photographic printing, ii., 172
Pianoforte wire, ii., 31

Pictet, M. Uaoul : condensation of the
so-called permanent gises, ii., 516 ;

his apparatus for the liquefaction of

oxygen, 517 522; density of liquid

oxygen, 520

Pig-iron and refined iron, varieties and

analyses of, ii.. ">;. til

Pitchblende, ii., 217

Placer-digging for gold (see Gold)
Plate-glass, i., 469
Platinammonium chloride, ii., 413
Platiuaramonium comp3uuds. ii., 413
Platinammonium hydroxide, ii.. 413
Piatiuammonium nitrate, ii., 413
Platinammonium sulphate, ii., 413
Platindiammonium chloride, ii.. 414
Platindiammonium compounds, ii., 414
Platindiammonium nitrate, ii., 415
Platinic bromide, ii., 407
Platinic chloride, ii., 404
Platinic hydroxide, ii., 400
Platinic iodide, ii., 407
Platinic salts, ii., 404
Platinic sulphate, ii.. 407

Platiuithiocyanates, ii., 419

Platinithiocyanic acid, ii., 419
Platinmonodiammonium chloride, ii., 414
Platinmonodiammonium compounds, ii.,

414

Platinochlorides, ii., 403

P'atmocyanic acid. ii.. 417

Pjatinocyanides. i... 417

P]atinonitrites, ii., 407

Platinothiocyanates, ii., 419
Platinous bromide, ii., 404
Platinous chloride, ii.. 401
Platinous hydroxide, ii., 400
Platinous iodide, ii.. 404
Platinous salts, ii., 401
Platinous sulphite, ii.. 404
Plathisemidiammonium chloride, ii.. 413
Platinsemidiammonium compounds, ii.,

413
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Platinum, ii., 388-4:22 ; its history, 388;
native,390; geographical distribution of
il>. ; metallurgy of, il>. ; manufacture of
crucibles, ib., 392 ; analyses of different
ores, 391

; preparation of malleable

platinum, ib. Deville's process of ma-
nufacture, ib.

;
its uses, 392 ; fused by the

oxy-bydrogen blowpipe, ib.
; employed

for coining at St. Petersburg, 393 ; varia-
tions in price of the metal, ib. pr

-

paration of pure platinum, 395; pro-
perties of the metal, 396; spongy
platinum, 398; platinum black, ib.;
detection and estimation of, 421

;

atomic weight, 422
Platinum and oxygen, ii., 400
Platinum and the elements of the phos-

phorus group, ii.. 421
Platinum and the elements of the sul-

phur group, ii., 420
Platinum dichloride, ii., 491
Platinum dioxide, ii., 400
Platinum disulpbide, ii., 420
Platinum monosulphide, ii., 420
Platinum monoxide, ii., 400
Platinum tetrachloride, ii., 404
Platinum tetrahydroxide, ii., 400
Plato

; magnetite, ii., 86
Platodiammonium bromide, ii., 412
Platodiammonium carbonate, ii., 412
Platodiammonium chloride, ii., 412
Platodiammonium compounds, ii., 411
Platodiammonium hydroxide, ii.,411
Piatodiammonium iodide, ii., 412
Platodiammonium nitrate, ii , 412
Platodiammonium sulphate, ii., 412
Platosammonium bromide, ii., 410
Platosammonium chloride, ii., 409
Platosammonium compounds, ii., 409
Platosammonium iodide, ii., 410
Platosammonium nitrate, ii., 410
Platosammonium nitrite, ii., 410
Platosammonium oxide, ii., 409
Platosammonium sulphate, ii., 410
Platosemidiammonium bromide, ii., 411
Platosemidiammouium chloride, ii.. 410
Platosemidiammonium compounds, ii.,410
Platosemidiammonium iodide, ii., 411

Platosemidiammonium nitrate, ii., 411

Platosemidiammonium nitrite, ii., 411

Platosemidiammonium sulphate, ii., 411

Plattner's method of extracting gold by
chlorine, ii., 369

Pliny ; sodium, i., 103
; nitre, 103 ; lime-

burning, 187 ; zinc, 251
;
his distinc-

tion between lead and tin, 270 ; load-

stone, ii., 1 ; medical properties of rust

of iron, 84; molybdenum, 183; tin,

230, 231, 237; antimony, 301, 311;

hydraulic gold-mining, 366; ductility
of gold, 372 ; gold-beating, ib. ; gilding,

374

Plumbago, ii., 183

Poisoning, autimonial, ii., 326
Poisonous action of lead salts, i.. JIM

Pontypool iron-stone, analysis of, ii., 43

Porcelain, i., 461, 490; iridescent glaze

produced by bismuth, ii., 332
Porret ; iron and cyanogen, ii., 104

Portland cement, i., 2 10
Potash lye, i.. lit
"
Potashes," (ire Potassium Carbonate)

Potassamide. i., ]ou
Potassium ; its history, i., .V,

; sour.-, s ,,f,

56 ; metallic, its preparation. :,~
;

\
r..-

pertaei of the metal r,ii ; d.-tection and
estimation of, 101

; atomic weight, ib.

Potassium laminate, i.. 1 1~>

Potassium amalgam, i., 394
Potassium and hydrogen, i., 61
Potassium and nitrog u, i., 100
Potassium and oxygin, i.. t;j

Potassium and sulphur, i., 97
Potassium antimonate, ii.. 314
Potassium arsenate, normal, i., 89
Potassium arsenite, i., 90
Potassium aurate, ii., 385
Potassium auric sulphite, ii., 384
Potassium auro-cyanide, ii., 381
Potassium barium osmiocyauide, ii., 463
Potassium bromate, i., 73
Potassium bromide, i., 68
Potassium carbonate, its preparation, i.,

01; pearl-ash, 02; potash from l-t-
root, 93 ; from sheep-wool, ib. ; yearly
product of potashes, 94; uses of car-
bonate of potash, 95

Potassium carbonate, normal, i., 91
Potassium cerous sulphate, i., 429
Potassium chlorate, i., 70; use in the arts
and medicine, 72; its oxidizing pro-
perties, ib.

Potassium chloraurate, ii., 383
Potassium chloride, i., 66
Potassium chlorocbromate, ii. 178
Potassium chloroplatiuate, ii.. li'.~>

Potassium chromic sulphate, ii.. li!">

Potassium chromic thiocyauate, ii., 166
Potassium chromocyauide, ii.. lt!i>

Potassium cobalticyaiiide, ii.. Mo
Potassium cobalt nitrite, ii., 134
Potaesium cyanate, i., 07
Potassium cyauatirate, ii., 385
Potassium cyanide, i., 96
Potassium dichromate, ii., 170
Potassium disu'phite, i., 74
Potassium ferric sulphide, ii., 110
Potas-ium ferricyanide. ii., lt>!>

Potassium hnocjaoide, ii.. i' <>

Potassium fluochromate, ii., 178
Potassium fluoride, i.. <>'.>

Potassium fltiosiliratf, i., 91

Potassium fluoxyvanadati-s. ii., 296
Potassium hr\nioliat<-, ii.. 3"il

h"\taiit:dati-. ii.- "-. .. .

Potassium hydrnsiilphide, i.. 08
Potassium hydroxide-. i.. c:;

Potassium hypOMltillKNMte ii., 313
Potassium bypoehlorto, L, 7"

Potassium hypophosplii;
Potassium hypovanndati-, ii .

Potas-ium iodatc, i.. 73

Pota-sium iodide. i.. U!>

Potassium iridi'-hloride, ii.. 1 1~>

Potassium iridii-vanidc. ii.. 117

Potassium iri.liobromi.lr. ii.. lit

Potassium iridiix-hlnriilr, ii.. 443
Potassium iridionitrite, ii., 446
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Potassium magnesium chloride, i., 241
Potassium inelaborate, i., 90
Potassium metantimonate, ii., 315
Potassium metasilicate, i., 90

Potassium metavanadate, ii., 286
Potassium molybdate, ii., 193

Potassium molybdic oxyfluoride, ii., 191
Potassium monometaphosphate, i., 89

Potassium monosulphide, i., 97
Potassium monoxide, i., 62

Potassium nitrate, termed snl petrce by
Geber, i., 77 ;

afterwards called n<trui,
ib. ; sources, ib. ; collected in India by
Sorawallahs, ib.

;
manufasture of nitre

for gunpowder, 78 ;
mode of refining

described by AgrL'ola, ib. ; its manu-
facture in Franee, Sweden, Switzerland,
and India, 79 ;

raw and purified nitre,
79 ; saltpetre flour, ib. ; crystallization,
80 ; history of the use of nitre as

an explosive, 81 ; detonating powd r,

ib. powder of fusion, ib. ; gunpowder,
82 ; experiments on gunpowder by
Bunsen and Schishkoff, Linek and Ka-

rolyi, 83 : by Abel and Noble, 85, 86,
87

Potassium nitrate
; solubility of, i., 80

;

its uses, 81
;
combustion of gunpowder,

gaseous and total products, 8487 ;

large and small grain powder, 88
Potassium nitrite, i., 88
Potassium nitroprusside, ii., 116
Potassium orthophosphate, normal, i., 89
Potassium osmate, ii., 460
Potassium osmiamate, ii., 461
Potassium osmichloride, ii., 459
Potassium osmiochloride, ii., 459
Potassium osmiocyanide, ii., 462
Potassium osmium sulphite, ii., 459
Potassium palladichloride, ii., 429
Potassium palladiochloride, ii , 427
Potassium palladionitrite, ii., 428
Potassium pentasulphide, i., 99
Potassium perchlorate, i., 73
Potassium periodate, i., 74
Potassium peroxide, i., 65
Potassium perthiomolybdate, ii., 199
Potassium peruranate, ii., 227
Potassium phosphite, i., 89
Potassium phosphomolybdate, ii., 197
Potassium platiuichloride, ii., 405
Potassium platinochloride, ii., 403
Potassium platinocyanide, ii., 417
Potassium platinonitrito, ii., 407
Potassium platinosulphite, ii., 404
Potassium platinothiocyanate, ii., 419
Potassium platinothioplatinate, ii., 420
Potassium plumbate, i., 285
Potassium pyrophosphate, i., 89
Potassium rhodicyanide, ii., 436
Potassium rhodioehlcride. ii., 435
1'otassium rhodionitrite, ii., 436
Potassium ruthenichloride, ii., 454
Potassium rutheniochloride, ii., 453
Potassium rutheniocyanide, ii., 455
Potassium salts, i., 66
Potassium silicotungstate, ii., 215
Potassium silver cyanide, i., 379
Potassium silver thiocyanate, i., 380

Potassium sodium ferricyanide, ii., 110
Potassium stannate, ii., 245
Potassium stannofluoride, ii., 249
Potassium sulphate, normal, i., 74 ; acid,

76
Potassium sulphite, normal, i., 74 ; acid,

ib.

Potassium tantalofluoride, ii., 351
Potassium tetrachromate, ii., 173
Potassium tttrasilicate, i., 91
Potassium tetrasulphide, i., 99
Potassium thioantimonate, ii., 324
Potassium thiocyanate, i., 97
Potassium thiomolybdate, ii., 199
Potassium thoriofluoride, ii., 275
Potassium titanate, ii., 259
Potassium titanofluoride, ii., 262
Potassium triamidb, i., 100
Potassium trichromatfo, ii., 172
Potassium tri-iodide, i., 69
Potassium trimolybdate ii., 194
Potass um triruiphsde, i., 99
Potassium tungstates, ii., 210
Potassium tungstosilicate, ii., 214
Potassium uranate, ii., 226
Potassium uranium oxyfluoride, ii., 224
Potassium zirconofluoride, ii., 270
Pott

;
his investigations on manganese,

ii., 2
; manganese, 18 ; properties of

bismuth, 330
;
bismuth nitrate, 338

Pottery, i., 461, 490, 498
Powder of fusion, i., 81
Praseo-cobaltic chloride, ii., 136
Prediction of the existence of undisco-

vered elements, ii., 514
Prismatic borax, i., 128
Proust

;
iron and cyanogen, ii., 104

Prout
;
nickel in met?oric iron, ii., 144

Prout's law, ii., 503
Prussian blue, ii., 104 ; commercial, 114;

soluble, 111
; insoluble, 113

Prussian green, ii., 114
Prussic acid, ii., 104

Puddling furnace, plan, elevation and

section, ii., 62 ; revolving, 64

Puddling process for producing wrought-
iron, ii., 61

Purple of Cassius, ii., 374

Purpureo-cobaltic chloride, ii., 137

Purpureo-cobaltic salts, ii., 137

Puzzuoli, volcanic tufa of, i., 209

Pyrites, manufacture of green vitriol

from, ii., 94

Pyrochlor, analyses of, ii., 347

Pyrolusite, or dioxide of manganese, ii., 2,

4,13

Pyrovauadic acid, ii., 284

Q.

QUANTIVAI.ENCB of the metals, i., 27, 29

Quartz-mining for gold, ii., 368

Quartz reefs of Australia, gold-bearing,
ii., 362, 364

Quartz-reefs of California, gold-bearing,
ii., 362

Quick-lime, i., 190
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R.

RKAI-MUR'S porcelain, i., 483
Red haematite, ii., 36
Red lead, i., 283
lied precipitate, i., 396
Red-short iron, ii., 65
Reduced iron, ii., *3
Refined iron and pig-iron, analyses of, ii.,

Refining gold (see Gold Refining)
Refining iron, ii., 59; plan and elevation

of a refinery, 60
Rewdanskite. ii., 152
Rhodammonium carbonate, ii., 436
Rhodammouium chloride, ii., 436
Rhodammonium hydroxide, ii., 436
Rhodammouium nitrate, ii., 436
Rhodammouium sulphate, ii., 436
Khodium, ii., 432-437; its hbtorv,432;

preparation of the pure metal, Hi.
; pro-

perti*?, 433
; detection aud estimation

of, 437 ; atomic weight, it>.

Rhodium and oxygen, ii., 433
Rhodium and sulphur, ii., 437
Rhodium chloride, ii., 434
Rhodium dioxide, ii., 434
Rhodium monosulphide. ii., 437
Rhodium monoxide, ii., 433
Rhodium nitrate, ii.. 436
Rhodium salts, ii., 434
Rhodium sesquihydroxide, ii., 434
Rhodium sesquioxide, ii., 433
Rhodium sulphate, ii., 435
Rhodium sulphite, ii., 435
Rhodium tetrahydroxide, ii., 434
Rinnman ; on iron and steel, ii., 66
Rinmann's green, ii., 132

Roberts,VT. Chaudhr ; iron and hydrogen,
ii., 84; refining gold at the Royal
Mint, 371

Robiquet ; Prussian blue, ii., 112
Rock salt (see Salt)
Roman bronze coin, analysis of, ii., 230
Roman cement, i., 209

Roscoe; absorption-spestrum of sodium
vapour, i., 156; ferrous perch W.ite,

ii., 93 ; tungsten trioxide, 208
; atomic

weightOf tungsten, 217 ; uranium tetra-

chloride, 223; vanadium, 278; chlo-

rides and oxychlorides of \anaditun,
2!)3 : atomic weight of vanadium, 300;
niobium, 353

Rose's metal, analysis of, ii., 334
i; -' o-eobaltic chloride, ii.. ;

Ii' seo-cobaltic hydroxide, ii., 136
Roseo-cobaltic nitrate-, ii., 137

Roseo-cobaltic salts, ii., i:','i

Roseo-so'baltic sulphate, ii., 137

Hostadius ; ferrous chloride, ii., 92

Rouge, jewellers', ii.,
*S

Rubidium; its history, i.. 164: sources,

16.1; preparation of rubidium com-

pounds, 167: of the metal, /'/>.; its

salts, 168; detection and estimation

of. 169; atomic weight. /'//.

Rubidium carbonate, i., li;*>

R ibidium chlorate, i., 168
Rubidium chloride, i., 168

Rubidium nitrate, i., 168
1^'bidium oxide and hydrate, i., 167
Kubtdium perchlorate, i.. !;>
Rubidium platinichloride, ii.,406
Rubidium sulphate, normal, i., 168
Rust, ii.. 32
Rust of irou, Ks-ulapius and pi,,,
on its medical prt.jerties, ii..

-

and Qeber, il>.

Ruthenic chloride, ii. 454
Rutheuic salts, ii., |:,l

Ruthenic sulphate, ii.. 454

Kuthcniocyanic acid, ii.. |.V>

Rutheniocyanides. H.. I.V>

Rutheuiodiainnioiiiuin taihonate, ii., l.V,

Rutheniodiaminonii'iii chloride, ii.. 4.V.

Rutheniodiammonium sulphate, ii

Rutheniosammoiiii in hydroxide, h
Rutheuious chloiiiie. ii., 4,">3

Ruthenious iodide, ii.. I.M

Ruthenious salts, ii., 453
Ruthenium, ii., 449 ;

its preparation. I In
;

detection and estimation of, 456; atomic
weight, ib.

Ruthenium, ammouiacal compounds of
ii., 454

Ruthenium and oxygen, ii., 451
Ruthenium and sulphur, ii., .".i>

Ruthenium monoxide, ii., ]:,{

Ruthenium peroxide, ii., 452
Ruthenium sesquichloride, ii., 453
Ruthenium sesquihydroxide, ii., 451
Ruthenium sesquirxide. ii., l~>\

Ruthenium ses(|uisiil|<hide, ii., 456
Ruthenium tetrachloride, ii., 4.VI

Ruthenium tetrahydroxide. ii., -l.'ij

Ruthenium tetroxide, ii., l.">2

Ruthenium trioxide, ii.. i:,i'

Rutile, discovered by Cingi.r. ii., 255

ST. GII.I.ES, Pean de; his discovery of so-

luble met a-l'erric hydroxide, ii,. v
St. Michael's Mount, (''oniwall; it- am i.-nt

name Iktis, ii., 2IU ; notice ot tin by
Diodorus Siculus, il>.

Sala, Auxins ; fidiniiiating gold, ii.. 37*

Sal-ammoni.-ie, its jirej aratiou and use-.,

i., 17.1 177
" Sal duplicatum," (potassium sulphate /,

'-S.'ilin" (beet-root ]H,ta>li), i.. B

Salt, common ; natural d< posits, i,lli>:

Cheshire salt-be,!s. //,, ;
ro-k-alt in

France and elsewhere, il>. ; miides of

raising and w< rk ing it, //.. ; its
| re]>a-

ratii.n t'lo.n >ra-watr, 112: war duty

on, i:;t

Salt--ake, prodi'i-tion and niamifnctun-

of, i., IK i:;2. l:::.

Saltp. I

Salts, constitution ..f. i.. ::i
; n-nnal, i>;

a.-id, //.; basic. 12: - lul-i!

generic- ]>ro| erties <.t. l->

Salts. alMIMiniiillli, i., 173

Salts, chr< inic, ii., K>:!
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Salts, cobaltic, ii., 133

Salts, cobaltamine, ii., 135

Salts, cobaltous, ii., 129

Salts, ferric, ii., 98

Salts, ferrous, ii., 91

Salts, iridic, ii., 445

Salts, palladia, ii., 429

Salts, palladious, ii., 427
Salts, platinie, ii., 4:4

Salts, platinous, ii., 401
Salts of beryllium, i., 234
Salts of bismuth, ii., 336
Salts of csesium, i., 171
Salts of calcium, i., 191

Salts of cerium, i., 429
Salts of copper, i., 331, 334
Salts of iridium, ii., 443
Salts of lanthanum, i., 426
Salts of lithium, i., 160

Salts of magnesium, i., 241

Salts of mercury, i., 397
Salts of nickel, ii., 150

Salts of osmiamic acid, ii., 461

Salts of osmium, ii., 458

Salts of potassium,!., 66

Salts of rhodium, ii., 434
Salts of rubidium, i., 168

Salts of silver, i., 369
Salts of sodium, i. , 111

Salts of thorium, ii., 274
Salts of titanium, ii., 260
Salts of vanadium, ii., 290
Salts of yttrium, i., 424

Salts of zirconium, ii., 269

Salts of the dioxide of molybdenum, ii.,

188
Salts of the sesquioxide of molybdenum,

ii., 188
Saxon bismuth, analysis of, ii.. 332

Scaliger ; supposed reference to platinum,

ii., 388
Scandium, aid of the spectroscope in its

discovery, ii., 465

Soheele ; barium, i., 218 ; manganese, ii.,

2, 18
;
oxides of iron, 85 ; molybdenum

and plumbago, 184
; fulminating gold,

379

Scheelite, ii., 201, 208

Scheelitiiie, ii., 201
Scheffer

; platinum or " white gold," ii.,

388
Schischkoff

; composition of gunpowder,
i.,83

Schlippe's salt, ii., 323

Schreibersite, in meteoric iron, ii., 28
Scotland ; gold in, ii.. 361
Scotch lead hearth, i., 275

Sea-water, preparation of salt from, i.,

112
Sedlitz mineral water, i., 236
Sefstrom

;
iron and st-el, ii., 66 ; discovery

of vanadium, 277, 278
Selenium and antimony, ii., 325
Senarmont

;
ferrous carbonate, ii., 97

Seraing ; gases in blast-furnace for smelt-

ing iron, ii., 55

Serullas; terrous perchlorate, ii., 93
Sevres porcelain, i., 493

Shear-steel, manufacture of, ii., 68

Sheep-wool,preparation of potashes from,
i., 77

Siberia ; meteoric iron in, ii., 29 ; gold in,
361

Siderite, ii., 38

Siebenbergen ; analysis of native gold
from, ii., 365

Siemens-Martin process for steel-making,
ii., 7781

Silesian process for the preparation of

zinc, i., 254

Silica, ultramarine in, i., 458
Silicated soap, i., 129
Silicates of aluminium, i., 457
Silicates of barium, K, 226
Silicates of cobalt, ii., 132
Silicates of copper, i., 341 .

Silicates of lead, i., 291
Silicates of iron, ii., 103
Silicates of sodium, i., 129
Silicates of thallium, i.,305
Silicates of zirconium, ii., 270
Silicodecitungstic acid, ii., 214

Silicoduodecitungstic acid, ii., 215
Silicon in iron, ii., 65, 70, 72

Silicotungstic acid, ii., 215
Sillimau

; hydraulic gold-mining in Cali-
fornia, ii., 3(36

Silver
;

its history, i., 347 ; sources, i/>. ;

metallurgy of, ib. preparation of pure
silver, 358; properties of the metal,
359 ; silvering and plating, 361 ; alloys
of silver, 365 ; salts of silver, 369 ; de-
tection and estimation of, 384 ; atomic

weight, 387 ;
its combination with and

separation from gold, ii., 360, 365, 3C9
Silver-alum, i., 456
Silver amalgam, i., 396
Silver and oxygen, i., 367
Silver and sulphur, i., 380
Silver, arsenites and arsenates of, i., 37!)

Silver bromide, i., 372
Silver carbonate, i., 379
Silver chloride, i., 369
Silver chloride and ammonia, i., 372
Silver cyanate, i., 379
Silver cyanide, i., 379
Silver dichromate, ii., 175
Silver dioxide, i., 368
Silver ferric sulphide, ii., 119
Silver hemioxide, i., 367
Silver hypovanadate, ii., 293
Silver iodide, i., 373
Silver metavanadate, ii., 288
Silver nitrate, i., 377
Silver nitrite, i., 378
Silver orthovanadate, ii.. 288
Silver osmiamate, ii.. 462
Silver peroxide, i., 368

Silver, phosphates of, i., 379
Silver platinonitrite, ii., 407
Silver pyrovanadate, ii,, iJ88

Silver salts, action of light on, i.,380

Silver sodium thiosulphate, i., 377
Silver sub-chloride, i., 372
Silver sulphate, normal, i., 376
Silver sulphide, i., 380
Silver sulphite, i., 376
Silver tetrantoxide, i., 367
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Silver thiocyanate, i., 380
Silver thiosulphate, i. 370
Silver ultramarine, i., 4o'J

Silvery-iron, ii., 59

Skraup ; Prussian blue, ii., Ill, 113
Smalt, ii., 126, 132, 331

Smelting iron, (see Iron Smelting)
Smith, J. L.

; composition of meteoric
iron, ii., 29

Soda-ley, i., 109
Soda manufactured from cryolite, i..

153

Sodamide, i., 154
Sodium ; its history, i., 102

;
sources of

the metal, 103
;
its preparation, 104 ;

its properties, 106
;
detection and esti-

mation of, 155 ; spectrum-reaction of

absorption-spectrum of its vapour, 156 ;

atomic weight. if>.

Sodium-alum, i., 456
Sodium alumiuate, i., 445
Sodium aluminium chloride, i., 447
Sodium amalgam, i., 394
Sodium and hydrogen, i., 107
Sodium and nitrogen, i., 154
Sodium and oxygen, i., 107
Sodium and sulphur, i., 154
Sodium antimonate, ii., 315
Sodium antimonite, ii., 312
Sodium arsenates, i., 125
Sodium auro-sulphide. ii., 386
Sodium auro-sulphite, ii., 380
Sodium auro-thiosulphate, ii., 380
Sodium bromide, i., 114
Sodium carbonate, normal, i., 130

Sodium, carbonate of, i., 130
Sodium chlorate, i., 114

Sodium chloraurate, ii., 383
Sodium chloride, i., 110
Sodium chromic-thiocyanate, ii., 157

Sodium decamolybdate, ii., 195

Sodium dichromate, ii., 173
Sodium dimetaphosphate, i., 124

Sodium dimolybdate, ii., 194

Sodium dioxide, i., 109

Sodium disulphate, i., 118
Sodium disulphite, i., 116

Sodium ferric sulphide, ii., 119

Sodium ferricyanide, ii., 110

Sodium ferrocyanide, ii., 108

Sodium hexmetaphosphate, i., 125

Sodium liextautalate, ii., 350
Sodium hydrate, i., 108

Sodium hydrogenide, i., 107

Sodium hydroxide, i., 108
Sodium hypochlorite, i., 114

Sodium hypophosphite, i., 120

Sodium hyposulphite, i., 115

Sodium hypovaiiadato, ii., 293

Sodium iodide, i., 114

Sodium iridichloride, ii., 445

Sodium iridiochloride, ii.. I 1 1

Sodium metaborate, i., 129

Sodium metantimonate, ii., 315

Sodium metaphosphates, i.. 124

Sodium metastannate, ii.. I'll!

Sodium metatuiitfstate. ii.. 211

Sodium metavanadate.
Sodium molybdate, ii., 194

Sodium monometaphosphate. i., li1

}

Sodium monoxide, i., 107
Sodium nitrate, i.. 119
Sodium nitrate i^Cliili saltpetre) i., 7fl

Sodium nitroprusside, ii., 116
Sodium octomolybdate, ii., 195
Sodium orthoborate, i.. 1:M
Sodium orthophosphate. normal, i., 121
Sjdium orthophosphato, i., 121

Sodium orthovanailate. ii.. J-vJ

Sodium osmichloride, ii.. \<>> <

Sjdium palladiosulphite. ii., 428
Sodium peruauate, ii.. 227
Sodium phosphates, i., 12O
Sodium platinichloride, ii., 405
Sjdium potassium carbonate, i., 154
Sodium potassium ferrocyanide, ii., 108
Sodium pyroborate, i., 126
Sodium pyrophosphate, normal, i.. 123
Sodium pyrophosphatcs, i.. li':;

Sodium pyrovanadate, ii., I'M;

Sodium rlioJio.;hloride, ii., 435
Sodium rhodionitrite, ii., 436
Sodium salts, universal distribution of,

i., Ill ; ii., 480
Sodium saleno-antimonate, ii., 325
s idiuin. silicates of, i., 129
Sodium silicon

1

uoride, i., 129
Sodium stannate, ii., 245
S idiiiiu stannofluoride, ii., 250
Sodium sulphate, normal, i., 110
Sodium sulphite, normal, i., 1 15

Sodium tantalofluoride, ii., 351
So limn tetrametapliosphate, i.. 125
Sodium tetramolybdate, ii., 194
Sodium tetrasilicate, i., 129
Sodium thioantimonate. ii.. 323
Sodium thiosulphate, i.. 11>

Sodium titauothioride, ii., 2ti3

Sodium trimetaphosphate, i. li'l

Sodium trimolyudate, ii.. 1!U

Sodium tungstates, ii., i!ll

Sodium uranate, ii., 226
Sodium zireonate, ii., 269

Solder, ii., 237 ; bismuth in the manu-
facture of, 334

Solubility of salts, i., 43
Soluble glass of Fuchs, i., 91

Sorawallahs in India, employed to <-\-

lec-t saltpetre, i., 77

Spain, iron furnaces in, ii., 44

Spar, i., 1ST

Spark-spectra, ii., .}?.'

Spathic- iron on-. ii..:5*: analyses of, 41

Speritic gravity of mi-tals. i.,' 1 1

Specific heat of metals, i., 1416
Spectra of gases, ii.. 171: of names,

475; of sparks. /A. : variation in, I7'>:

of metals. -177 : "f unn-ni.-t J-.

of compounds, 479

Spi-i-tnisropf. its UM- in thr d.-t -i-tiun and

estimation "t" jMitassimn s.ilts, i.. lc>l .

itsapplicatinii to tiic l'..'ss,.|n,T (lain.-,

ii.. 76;
470

its construction and

S|,ertn.m analysis, ii.. 465, 466

Sp.-i-nlar iron ore ii.. :;!

Bpeoolom-meUl, ii..

Sj-n-er. T. ; ele.-tiotyj-in.,-.
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Spiegel, or specular pig-iroii, ii., 56;

analyses of, 57

Spiegeleiseu, a variety of cast-iron, ii.,

56
"
Spissglass," or "

spiessglanee," Ger-

man names for antimony sulphide, ii.,

301, 302, 320

Spongy iron, ii., 83

Spring-steel, manufacture of, ii., 68

Stihl ; alkalis, i., 54
; decomposition of

potassium sulphate, 75 ;
on iron and

steel, ii.. 66
;
ferric acid, 90

Stannates, ii., 244
Stannic acid, ii., "244, 245
Stannic bromide, ii., 249
Stannic chloride, ii., 247

Stannic compounds, ii., 243
Sranuic nitrate, ii., 250
Stannic oxide, ii., 243
Stannic phosphate, ii., 250
Stannic sulphate, ii., 250
Stannic sulphide, ii.. 251

Stanuous bromide, ii., 242
Stannous chloride, ii.. 242

Stannous compounds, ii., 241
Stannous flucride, ii., 243
Stannic hydroxides, ii., 244
Stannous iodide, ii., 242
Stannous nitrate, ii., 243
Stannous oxide, ii., 241

Stanuous sulphate, ii., 243
Stannous sulphide, ii., 250

Stannum, the ancient name for tin, ii.,

231

Stars, fixed, metals in their atmospheres,
ii., 466

Stas; atomic weight determinations, ii.,

503
Stassfurt ; beds of potassium chloride, i.

79, 94

Steel, its manufacture in Styria. ii., 41
;

distinguished from iron, 59, 65; defi-

nition of, 65 ;
mode of tempering, 66 ;

ancient and modern writers on, 66
;
ce-

mentation method of preparing cast-

steel, 67 ; fusibility of, 68 ; analyses
of cementation steel, il.; blrter sti-c],

68 ; cast-steel, 69 ; Siemens-Martin pro-
cess, 77 81 ; Pernot's revolving hearth,
81 ; Wootz, or Indian steel, 82 ; pro-

perties of steel,*'/'. ;
effect of tempering,

83 ; Damascening, if>. ; case-hardening,
ilt. ; tungsten steel, 202

Stereotyping, use of fusible metal, ii.,

334

Stibine, ii., 309

Stibnite, ii., 302
Storer and Elliot

;
researches on manga-

nates. ii., 20
" Strass" (glas=0. i., 466, 4S8

Stream-tin, ii., 231, 243

Stromeyer : his discovery of cadmium, i.,

265 ; 'Turkey-red dyeing, ii., 171
Strontium ; its history and sources, i.,

213; preparation of the metal. ?'/>. ;
its

salts, 215 : detection and estimation of,

217; atomic weight. 21$
Strontium and oxygen, i.. 214
Strontium carbonate, i., 216

Strontium chloride, i.. 215
Strontium dioxide, i., 215
Strontium ferrocyauide, ii.. Ins
Strontium monoxide, i., 214
Strontium nitrate, i., 216
Strontium sulphate, i., 215

Styria, its spathose iron ore, ii., 41
;

manufacture of Styrian steel, il,.

Sugar refining, compound of ferric hy-
droxide with sugar, ii., 89

Sulphates, i., 50

Sulphides, i., 53

Sulphites, i., 51

Sulpho-salts, i., 53

Sulphotungstates, ii., 216

Sulphur and antimony, ii., 320
Sulphur and barium, 'i.. 227

Sulphur and bismuth, ii.. 341

Sulphur and calcium, i.. 210

Sulphur and chromium, ii., 180

Sulphur and cobalt, ii., 14u

Sulphur and copper, i.. 343

Sulphur and gold, ii., 385

Sulphur and iridium, ii., 448

Sulphur and iron, ii., 117

Sulphur and lead, i., 296

Sulphur and mercury, i., 409

Sulphur and molybdenum, ii., 198

Sulphur and nickel, ii., 153

Sulphur and niobium, ii., 357

Sulphur and osmium, ii., 463

Sulphur and palladium, ii.. 431

Sulphur and potassium, i., 97

Sulphur and rhodium, ii., 437

Sulphur and ruthenium, ii., 456

Sulphur and silver, i., 380

Sulphur and sodium, i.. 154

Sulphur and tantalum, ii., 352

Sulphur and tin, ii., 250

Sulphur and titanium, ii.. 264

Sulphur and tungsten, ii., 215

Sulphur and uranium, ii.. 227

Sulphur and vanadium, ii., 297

Sulphur and zirconium, ii.. 271

Sulphur group, elements of the, ii., 420

Sulphur in pig-iron, ii.. 70

Sulphur, liver of, i., 100 ; ii., 386

Sulphuric acid, separation of gold fron>

silver by, ii., 369

Sun, metals in its atmosphere, ii., 466

Superphosphate of lime, i., 2"'6

S'ltter; his discovery of gold in Cali-

fornia, ii., 361

Sweden, manufacture of nitre in, i., 79:
meteoric iron dust in, ii., 29 ; charcoal

pig-iron. 70; analyses of native bis-

muth, 333
Switzerland

;
manufacture of nitre in, i..

79

Syepoorite, ii., 140

Sympathetic inks, ii., 129

T.

TABLE of the natural arrangement of the

elements, ii., 507

Tachenius; normal potassium sulphate,

i., 75
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Tachhydrite, i., 242

Talbot, H. Fox; spectrum of strontium,
i., 217 ; spectrum analysis, ii., 4tiS

Tamm, Hugo; hi.- method of preparing
metallic manganese, ii., 3

Tantalates, ii., 350
Tantalic acid, ii., 350

Tantalite, analyses of, ii.,346

Tantalum, ii., 344-353; its history.:: f,
:

analyses ot tautaLte, 346 ;
of columbite,

347; of pyrochlor, ib.; haloid com-

pounds, 351; detection and estimat.c.u

of. o")_'
;
atomi:- weight, 353

Tantalum and nitrogen, it., 352
Tantalum and oxygen, ii., 34!)

Tantalum and sulphur, ii., 352
Tantalum chloride, ii., 351
Tantalum hydroxide, ii., 350
Tantalum pentabromide, ii., 351
Tantalum peutaflucride, ii., 351
Tantalum pentoxide, ii., 349
Tantalum. tetrasulpLide, ii., 352
Tantalum tetroxide, ii., 349

Tap-cinder, analyses of, ii., 63

Tartar-emetic, ii., 306 ;
its medicinal uses,

326
; poisonous eff cts, ib.

Tartrate of antimony and potassium, ii.,

310

Tea, rubidium in, i., 163

Tempering of steel, ii., 83

Tennant, Smith-son ; indium, ii., 436 ;
os-

mium, 438

Tennessee, meteoric iron, ii., '29

Terbium oxide, i., 433
Terbium sulphate, i., 434

Tetra-hydrogen cakium phosphate, i.,

206
Thallic chloride, i., 306
Thallic compounds, i.. 306
Thallic nitiate, i.. 3<>7

Tnallic sulphate, i., 307
Thallic sulphide, i., 307
Thallious bromide, i., 303
Thallious carbonate, i. 305
Thallious chlorate, i.,304
Thallious chloride, i., 303
Thallious compounds, i., 303
Thallious fluoride, i, 3<M
Thallious iodide, i., 303
Thallious nitrate, i., 304
Thallious orthophospl.ate, i., 305
Thallious perchlorate, i., 304

Thallious sulphate, normal, i., 304

Thallious sulphide, i., 306

Thallium; its history, i., SCO; sources,

Hi.; preparation of the metal, .''.
;
de-

tection and estimation of, 3 >7 ; a'omic

weight, 30M; termed by Pumas the

ornithoryucus amongst the metals,

Thallium, aid of the spectroscope in its

discovery, ii., 465

Thallium-alum, i, 456
Thallium and oxygen, i., 301

Thallium cyanide, i., 306
Thallium hydrog n fluoride, i., 304

Thallium hydroxide, i.,3o2

Thallium monnchloride. i.. :ii':>

Thallium monosulphide, i, 306

Thallium monoxide, i., 301

Thallium, phosphat.sof, i., 305
Thallium trichloride, i

Thalium triov.de, i., 3o2
Th-illium trisululnde. i

Thenard
; potassium, i.. 5(i, <il. 65 ; potas-

samide. Inu ; metallii- sodium. It 4
;

ammonium salts, 154. 17l>; tcrruiu

chloride, ii^aa
Tlu'-nard's blue, ii., 133

Theophrastus ; magn< tite, ii., 86
Thicantimonites. ii. 322
Thicstanuic acid, ii., 252

Thiosulphates, i., 52
Thomas and Gilchrist ; elimination of

phosphorus in the Hcssemt r pnx-t ss,

ii., 76

Thoria, ii., 273

Thorium, ii., 272 276; competition <f

the mineral in different In -unties, 27:1 .

detection and estimation of, 275;
atomic weight, 27<i

Thorium chloride, ii., 274
Thorium fluoride, ii., 27 t

Thorium nitrate, ii., 275
Thorium oxide, ii., 23
Thorium, salts of, ii., 274
Thorium sulphate, ii., i7">

Thorium sulphide, ii., 275
Thorwaldsfeu's Sheph rd, analysis of

statue, ii., 23!)

Tin group of metals, i , 23 ; ii, 230276 ;

its history, 23O ; chief .res of, 231;

metallurgy of, il>. ; properties and uses

of, 236; alloys of, 237; pewt. r. //.. ;

soldir, Hi.
; copper tin alloys.

metal, ili.
; speculum mititl, iA.;bdl>

metaJ, ib.
; bronze, ib. ; i hosphor-bron/e,

ib.; analyses of alloys, 23!) : dete.-timi

and estimation of, 253 ; atomic weight,

254
Tin amalgam, ii., 2:50

Tin and oxygen, ii., 211

Tin and phosphorus, ii.. 2."i2

Tin and sulphur, ii..2.--0

Tin dibromide, ii., 242

Tin dichloride, ii,242
Tin ditluoride, ii., 243

Tin di-iodide, ii., 242

Tin dioxide, ii., 243

Tin disulphidf, ii., 251

Tin mouosulphide, ii., 250

Tin monoxide, ii , 2tl

Tin salt, ii., 242

Tin tetrabrouiide, ii., 21:)

Tin tetraihloride. ii., 247

Tin tetra fluoride, ii.. I.'!!)

Tin tetra-io.lide. ii., 2l:

Tin-tree, ii., 2:<(i

Tiime.t i-i.pp.-r
vessi-ls dcs.-ril.ed by IMmy,

ii., 2:i7

Tinstone, ii., 231

Titnnates. ii., 25!)

Titimi.- arid, i:

Titanic iri>ii-iin-. ii.. 2.V

Titiiiiiin.ii..2.v. 2-i7; drfwtiMiMKlc*-

timation ..I, 2^.; Mt,,mi,- . iK ht._2W
;

it- position among tin- in- '

Titanium and ntlrog. n. n.. Li
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Titanium and oxygen, ii., 256
Titanium and sulphur, ii., S64
Titanium cyanonitride, ii., 265
Titanium di^hloride, ii., 200
Titauium dioxide, ii., 256
Titanium disulphate, ii., 263
Titanium oxychloride, ii., 262
Titanium phosphate, basic, ii., 263

Titanium, salts of, ii., 260
Titanium sesquichloride, ii., 260
Titanium sesquioxide, ii., 258
Titaniu n sesquisulphate, ii., 263
Titanium sulphate, basic, ii., 263
T.tanium sulphide, ii., 264
Titanium tetrabromide, ii., 262
Titanium tetrachloride, ii., 261
Titanium tetrafluoride, ii., 262
Titanium tetraiodide, ii., 262

Tobacco, rubidium in, ii., 166
Tomback or Tong-pack, an alloy of

nickel, ii., 146

Topaz, i., 453

Toughened glass, i., 489
"
Tough-pitch," in copper smelting, i.,

315

Transylvania, gold mines in, ii., 360,
361

Trimercuric-diamine, i., 412

Troua, the native carbonate of soda, i.,

133, 131
; sources of, 153

Troost ; metallic zirconium, ii., 267
Tungstates, ii., 209

Tuugstates ; compounds of, with tungsten
dioxide, ii., 213

Tungsten, ii., 201217; detection and
estimation of, 216; atomic weight,
217

Tungsten and bromine, ii., 206

Tungsten and chlorine, ii., 202

Tungsten and fluorine, ii., 207

Tungsten and iodine, ii., 207

Tungsten and nitrogen, ii., 216

Tungsten and oxygen, ii., 207

Tungsten and phosphorus, ii., 216

Tungsten and sulphur, ii., 215

Tungsten dibromide, ii., 206

Tungsten di -hloride, ii., 202

Tungsten di-iodide, ii., 207
Tungsten dioxide, ii. 207
Tungsten dioxyehloride, ii., 205

Tungsten disulphide, ii., 215

Tungsten hexchloride, ii.. 204

Tungsten, metallic, ii., 201

Tungsten monoxychloride, ii., 205
Tungsten oxybromides, ii., 206
Tungsten oxyahlorides, ii., 205
Tungsten pentabromide, ii., 206
Tungsten pentachloride, ii., 203

Tungsten-potassium bronze, ii., 213
Tungsten-sodium bronze, ii., 213

Tungsten steel, ii., 202

Tungsten tetrachloride, ii., 203
Tungsten trioxide, ii., 208

Tungsten trisulphide, ii., 215
Tungstic acids, ii., 209, 210
Tuugstcsilicic acids, ii., 214
Turkey-red dyeing, ii., 171
Turnbull's blue, ii., 112, 113
Turner's yellow, i., 286

Type-metal, English, analyses of, ii., ;

German, ib.

Tyrol, the, gold in, ii., 361

U.

ULTRAMARINE, i., 458
Undissovered elements, existence of, 514
Ural mountains ; gold mines in the, n.,

361 ; analysis of native gold, 365
;
d.s-

covery of platinum, 389 ; expedition of

Humboldt, Rose, and Ehienberg, ib
.;

analysis of platinum ores, 391

Uranates, ii., 226
Uranic compounds, ii., 223
Uranic hydrate, ii., 223
Uranic oxide, ii., 2i3
Uranic sulphide, ii., 228

Uranium, ii., 217229; detection and
estimation of, 228; atomic weight,
229

;
its position amongst the elements,

ib.

Uranium and oxygen, ii., 220
Uranium and sulphur, ii., 227

Uranium, black oxide of, ii., 222
Uranium dioxide, ii., 220

Uranium, green oxide of, ii., 222

Uranium, its extraction from pitchblende,
ii., 218

Uranium, metallic, preparation of, ii., 219
Uranium oxybromide, ii., 224
Uranium oxychloride, ii., 224
Uranium oxyfluoride, ii., 224
Uranium peutachloride, ii., 222
Uranium pentoxide, ii.,'222
Uranium sesquioxide, ii., 221
Uranium tetrabromide, ii., 221
Uranium tetrachloride, ii., 220
Uranium tetrafluoride, ii., 221
Uranium tetra-iodide, ii., 221

'

Uranium tetroxide, ii., 227

Uranous-chloride, ii., 220
Uranoso-uranis compounds, ii., 222
Uranous compounds, ii., 220
Uranous fluoride, ii., 221
Uranous hydroxide, ii., 220
Uranous sulphate, ii., i'i'2

Uranous sulphide, ii., 227

Uranyl ammonium phosphate, ii., 225

Uranyl arsenatis, ii., 225

Uranyl bromide, ii., 224

Uranyl carbonates, ii., 225
Uranvl chloride, ii., 224

Uranyl fluoride, ii., 224

Urauyl nitrate, ii., 225

Uranyl oxide, ii., 223

Uranyl phosphates, ii., 225

Uranyl sulphate, ii., 224

Uranyl sulphide, ii., 228

Urao, native carbonate of soda, i., 131

V.

VALENTINE, BASIL ; constitution of salts,

i., 35; volatile sulphides of ammonia,
185

; zinc, 251 ; zinc sulphate, 261 ;

on loadstone, ii., 2; steel, 66; green
vitriol, 94 ; cobalt, 126 ; antimony, 301,
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302, 303, 307, 311, 314, 316, 320, 324,
226; bismuth, 330; fulminating gold,
378

Valentinite, ., 311

Vanadates, ii., 284
Yanadic acids, ii., 284
Vanadious oxide, ii., 290

Vanadium, ii., 277300; history of its

discovery, 277; metallic, its prepara-
tion, 279282 ;

detection and estima-
tion of, 298 ; atomic weight, 300

Vanadium and bromine, ii., 293
Vanadium and chlorine, ii., 293
Vanadium and fluorine, ii., 296
Vanadium and nitrogen, ii., 298
Vanadium and oxygen, ii., 282
Vanadium and sulphur, ii., 297
Vanadium bronze, ii., 284
Vanadium compounds, extraction and

preparation of, ii., 278
Vanadium dichloride, ii., 294
Vanadium dinitride, ii., 298
Vanadium dioxide, ii., 289
Vanadium mononitride, ii., 298
Vanadium monoxide, ii., 289
Vanadium oxychloride, ii., 295
Vanadium pentasulphide, ii., 297
Vanadium pentoxide, ii., 283
Vanadium tetrachloride, ii., 294
Vanadium tetrasulphide, ii., 297
Vanadium tetroxide, ii., 291

Vanadium tribromide, ii., 296
Vanadium trichloride, ii., '294

Vanadium trioxide, ii., 290

Vanadyl salts, ii., 283

Vanadyl sulphate, ii., 283

Vanadyl tribromide, ii., 296

Vanadyl trichloride, ii.,295

Vandermonde ;
on mm and steel, ii., 66

Vauquelin; chromium, 157

Veckerhagen ; gases in blast-furnace for

smelting iron, ii., 55
Venetian white, i., 294
Vesuvius

;
sal-ammoniac in its fumeroles,

i., 175
Vienna porcelain, i., 494

Villafranca, Blasius ; saltpetre, i., 80

Vinegar, ancient references to, i., 32

Virgil, his notice, of ferric oxide, ii., 87

Vitriol, green, ii., 93-96
Volatile alkali (ammonia), i., 173

W.

WALES; gold in, ii., 361

Wanklyn ; iron and hydrogen, ii., 84 ;

ferrous iodide, 93

Water, action of lead upon, i., 295

Waters, mineral ;
the source of rubidium

and cajsium compounds, i., 1(JO ; thal-

lium in, 300

Watson, William ;
native platinum, 11.,

388

Weber, R. ; mctastannic acid, ii., 246

Weight, atomic, of metals, i., 1416
Weights, atomic (see Atomic \\'< L-ht.si

AV.-lding steel, manufacture .f. ii.. H-

Weldon, Walter
;
his process for tin- n-

generation of manganese dioxide*, ii.,

15
Wet copper extraction process, i.. :<21

Wheatstone, Sir C.
; spectrum analysis,

ii., 469
White cast-iron, ii., 56, 57
White lead, i., 292

White, or anti-friction metal, analyses of,
ii., 308

Whit worth, Sir Joseph ; improvements,
in steel-making, ii., 80

Wihel ; ferric oxide, ii., 87
Williamson's blue, ii., 113, 114
Window glass, i., 466, 469
Winkler

; smelting and uses of bismuth
ii., 330

Winsford, salt-bed at, i.. 1 10
Winterl

; potassium chlorate, i., 70
Wohler ; ferrous chloride, ii., 92 ; extrac-

tion of uranium from pitchblende,
218; discovery of vanadium. 227 ; pre-

paration of metallic antimony, 305
Wolfram ; the Ivpi spitmu of Agricola, ii.,

201 ; source of the tungsten com-

pounds, 201, 232; mixed with tin, 2;;'>

Wolframine, ii., 208
Wollaston ; discovery of palladium, ii.

423
;
of rhodium, 432

Wood-charcoal furnaces for smelting iron,

ii., 55

Woodcuts, use of fusible metal in making
casts from, ii., 334

Wood-tin, ii., 243
Wood's metal, analysis of, ii., 334

Wool, sheep's, preparation of potashes
from, i., 77

Wrought-iron, ii., 31. 32, 35 ; its produc-
tion from cast-iron, 59 ; properties of,

65

XANTHO-COBAI.TIC chloride, ii., 139

Xantho-cobaltic salts, ii., 139

Y.

YELLOW chromate of potash, ii., 170

Yellow, Turner's, i.. 2-(>

Ytterbium, preparation of, i., -\ -'.'. 121;

salts of, U>. ;
aid of the spectroscoi>e in

its discovery, ii., 465

Yttrium, i., 424

Yttrium carbonate, i., 425

Yttrium chlori.l., i. li'l

Yttrium fluoride, i.. -121

Yttrium nitrate, i., 12">

Yttrium ortbopbocphate, i.. -J2"i

Yttrium oxid.-. i.. 2

Yttrium siilphat.-. ... 12 J

Yttrium sulplii.l.-, i.. 12-'.

Yttrotantahte, analysis of, ii., 348

/i i i s..\v : chromium tiioxide. ii..
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Zinc; its history, i., 250; smelting and

preparation of
,
253 ;

its properties, 25(3;

salts of zinc, 259
;
detection and esti-

mation of, 264
;

atomic weight, 2(35 ;

Belgian process of preparing, 254 ;

Silesian process, 255
Zinc and oxygen, i.. 258
Zinc bromide, i., 2(30

Zinc carbonate, normal, i., 263
Zinc chloride, i., 259
Zinc chromates, ii., 174
Zinc chromite, ii., 162

Zinc diamine, i., 263
Zinc ferrocyanide, ii., 109

Zinc fluoxyvanadate, ii., 297
Zinc hyroxide, i., 259
Zinc iodide, i., 261
Zinc nitrate, i., 262
Zinc nitride, i., 264

Zinc oxide, i., 258 ; ii., 90
Zinc pentasulphide, i., 263
Zinc phosphide, i.. 264
Zinc sulphate, i., 2(31

Zinc sulphide, i., 263

Zincamide, i., 263

Zirconates, ii., 269

Zirconia, ii., 268

Zirconium, ii., 267-272; detection and
estimation of, 271 ; atomic weight,
272

Zirconium and sulphur, ii., 271
Zirconium bromide, ii., 269
Zirconium chloride, ii., 2(39

Zirconium fluoride, ii., 270
Zirconium nitrate, ii., 270
Zirconium oxide, ii., 268
Zirconium, silicates of, ii., 270
Zirconium sulphate, ii., 270

THE END.
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